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This invention relates to instruction sequencing of a
stored program data processing system, and more particu-
larly, to one wherein a next instruction can be acquired
from memory simultaneously with the execution of a
current instruction.

In data processing systems of the digital type, the
manipulation and transfer of data words is normally
under control of instruction words in a program which
is stored internally of the system in a memory unit. The
data words are usually also stored within the memory
unit. The typical instruction sequencing requires that
the memory address of an instruction word be generated
to acquire same for subsequently controlling the acquisi-
tion and manipulation of a data word within an arithmetic
unit or the like. In the so-called single address system,
the memory address of each instruction in the stored
program is calculated by a unit of the control section
designated as a program address counter, or the like.
The instruction word itself has a format including at
least an operation code specifying the function to be
executed, as well as the memory address of a data word
to be used in execution of this function. The time re-
quired for the processing of an instruction is usually
measured commencing from the time that the program ad-
dress counter references the memory to acquire the in-
struction itself, and ending with the time that the execu-
tion of the instruction using the data word has been
terminated. 'Therefore, for programming purposes, the
processing time of each instruction in the program covers
a period occupied by two successive memory reference
cycles, the first being the reference for the instruction
word and the second being the reference for the data
word whose address is specified by the previously ac-
quired instruction. Thus, for most programs devised
for prior art systems, the number of arithmetic operations
which can be processed in a given period of time is sub-
stantially less than would be the case if an execution
(which includes a memory reference for the operand)
could be performed during each machine cycle.

The present invention permits a substantial decrease
in effective processing time of instructions of a stored
program by normally permitting the acquisition of an
instruction word from a memory unit at the same time
that the execution of a previously acquired instruction
is being performed. Thus, as soon as the execution of a
previously acquired instruction is terminated, a new in-
struction has already been placed into the control unit
from the memory unit, so that a new execution cycle can
commence immediately without requiring an intervening
cycle for instruction acquisition only. Therefore, for
purposes of the programmer, each machine cycle of the
system can normally be considered one in which a proc-
essing of a different instruction will occur. There would
therefore be but few machine cycles in which the arithme-
tic unit of the system cannot be utilized, whereas in the
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prior art, the arithmetic unit normally stands idle every
other cycle. For a given number of instructions in the
program, the total time required to process these instruc-
tions is therefore substantially less and may approach one-
half the time required to process the same number of
instructions in the typical prior art system.

The above advantages of the present invention are
obtained by providing at least two individual memories
each of which can store both instruction and data words,
and each of which has its own address and buffer trans-
fer registers for gaining access thereto. The invention
also has the ability to reference both memories simul-
taneously, one for the next instruction and the other for
the data word to be used in execution of the previously
acquired instruction. This feature is bherein designated
as an overlap instruction sequencing cycle. However, in
certain programs it may be necessary to acquire the next
instruction from the same memory that issues the operand
data word used in the execution of the current instruction,
In such cases, the next instruction does not begin until
the operand used in the current instruction is extracted
from this memory. Thus, the acquisition of the data
word operand for the current instruction takes precedence
over acquisition of the next instruction so that the overlap
sequencing feature is inhibited, and the next instruction
cannot be acquired from its memory until one machine
cycle later. In this event, the programmer must consider
that the processing time of the next instruction (whose
acquisition has been delayed by inhibition of overlap)
is extended by a time equal to the duration of one machine
cycle.

It is therefore an object of the present invention to
provide a data processing system having at least two
individual and independent memory units for storing both
instruction and data words, together with means for ref-
erencing said memory units simultaneously with a view
toward extracting an instruction from one and a data
word from the other.

Another object of the present invention is to provide
a data processing system having at least two independent
memory units for storing both instruction and data words
wherein acquisition of a data word takes priority over
acquisition of an instruction word if both are stored in
the same memory unit.

A further object of the present inventjon is to provide
a data processing system of the above described kind
which utilizes a double rank instruction register for hold-
ing two instruction words at a time.

A further object of the present invention is to provide
a data processing system of the above described type
which employs single address instructions, and has a
double rank program address counter capable of simul-
taneously holding the memory addresses of two successive
instructions of the stored program.

For some instruction words, such as those specifying
multiply, divide, square root, and shift operations, the
actual execution time in most cases requires more than
one machine cycle as compared to execution times of one
machine cycle for the simpler arithmetic operations such
as add, subtract, etc. The present system provides con-
trol circuitry within the arithmetic unit for executing these
extended sequence instructions without need for the in-
struction word to be continuously held in the program unit
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execution is terminated. Therefore, upon initiation of
the extended sequence execution, the program unit may be
cleared of the initiating instruction word, and subsequent
instrutcion words of the program are acquired from
memory and executed by units of the system other than
the arithmetic unit. Thus, the present system provides
a maximum utilization of time in that the processing of
non-arithmetic instructions, which follow an extended se-
quence instruction, need not be delayed until execution of
the extended sequence istruction is terminated. How-
ever, if a subsequent instruction is acquired which re-
quires use of the arithmetic unit at the time that the
arithmetic unit is executing a previously acquired ex-
tended sequence instruction, then the memory instruction
sequencing of the system must be inhibited until the arith-
metic unit is free to accept another arithmetic instruction.

It is therefore another object of the present invention
to provide a data processing system having at least two
independent memories for storage of both instruction and

data words wherein the acquisition and execution of non- ¢

arithmetic instructions can continue with overlap even
though a previously acquired extended sequence instruc-
tion is being executed by the arithmetic unit.

For certain special instructions, the above described

novel overlap feature must be modified. For example, 2

the execution of some instruction words requires that a
jump be made in the program sequencing from an instruc-
tion memory address held by the program address counter
to an instruction memory address held in the instruction
word itself. In this case, the program address counter is
inhibited from referencing memory for the next instruc-
tion during one machine cycle, at which time a memory
is referenced by a portion of the instruction word itself.
Furthermore, a class of instruction words may require
that the execution of an instruction word be prevented,
with a skip being made to the next following instruction
word in the program. This skip operation is usually con-
ditional upon the result of an arithmetic operation in the
arithmetic unit. Therefore, if the skip condition is sensed
to be present, the program address counter is required to
calculate the address of the next instruction following the
instruction to be skipped.

Consequently, yet another object of the present in-
vention is to provide means in the system of the above
described type to inhibit the normal operation of a pro-
gram address counter when a jump instruction is to be
executed.

A further object of the present invention is to modify
the operation of the program address counter in the sys-

tem of the above described type if an instruction skip con- ¢

dition is detected.

For repeated executions of a particular instruction word
in the program, the technique in the present system is to
precede the repeated instruction by a special instruction
for the purpose of setting up certain control circuits de-
signed to carry out the repeated operations. In this event,
the repeated instruction is maintained in the instruction
register until all of the required number of executions is
terminated. ‘Therefore, overlap of instruction acquisition
and data operand acquisition is inhibited for this period of
time so that the repeated instruction cannot be erased
from the instruction register by the next following instruc-
tion,

It is therefore another object of the present invention to
provide control means in the system of the above de-
scribed type whereby the acquisition of instruction words
from memory is inhibited during the execution of a re-
peated instruction.

Other conditions which affect the overlap instruction
sequencing of the present invention are those in which a
request is made for the computer to transfer a data word
between it and some external unit, and those in which
a request is made to interrupt the processing of main pro-
gram instructions for the purpose of initiating a sub-
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routine opeartion. In either of these cases, the overlap
function is inhibited for at least one machine cycle so that
special instructions can be forced into the program in-
struction register from sources other than the individual
memories.

It is therefore a further object of the present invention
to provide means in a system of the above described type
to inhibit overlap, and thereby delay acquisition of an
instruction in the program, upon granting of a request for
a data word transfer or the initiating of a sub-routine.

These and other objects of the present invention will
become apparent during the course of the following de-
scription when taken in conjunction with the drawings,
which illustrate a preferred embodiment of the inven-
tion for carrying out the above described novel features.

FIGURES 1a and 15 show an overall black diagram of
the system incorporating the present invention,;

FIGURE 2 is a block diagram of the variable memory
access circuits;

FIGURES 34 and 3b comprise a block diagram of the
permanent memory access circuits;

FIGURES 44 through 4f show the basic logic elements
used in the present system;

FIGURES S5a, 5b, and 5c show the P register;

FIGURE 6 shows the P* register;

FIGURES 7q, 7b, and 7c show the PAC Address
Counter;

FIGURES 84 and 85 show U register stages 0 through
5;

FIGURES 94 and 9b show the command translator cir-
cuits for the U register;

FIGURES 10a and 104 show U register stages 10
through 23;

FIGURES 1la¢ and 115 show U* register stages 0
through §;

FIGURES 124 and 125 show the command translator
circuits for the U* register;

FIGURES 13a, 13b and 13c show U* register stages
10 through 23;

FIGURES 14a and 14b show U register stages 6
through 9 and U* register stages 6 through 9;

FIGURE 15 shows the address translator circuits for
U* register stages 6 through 9;

FIGURES 164 and 165 show the R register;

FIGURES 17« and 174 show the R Memory Counter;

FIGURES 18z and 18b show the OR gates;

FIGURES 194 and 194 show the U#* Carry Tree;

FIGURE 20 shows the comparator;
| FIGURES 21a and 215 show the V register and trans-
ators;

FIGURES 22a and 22k show the O register;

a FIGURE 23 shows the variable memory control flip-
ops;

FIGURES 24a, 24b and 24c¢ show the W register and
translators;

. IfIGURE 25 shows the permanent memory gating
ogic;

FIGURE 26 shows the Z register;

FIGURE 27 shows the permanent memory control
flip-flops;

FIGURES 28a and 28% show the F1 register;

FIGURE 29 shows the C1 register;

FIGURE 30 shows C1 sequence control;

FIGURES 31a and 315 show the F2 register;

FIGURE 32 shows the C2 register;

FIGURE 33 shows C2 sequence control;

FIGURE 34a and 3456 show the D register;

FIGURES 354 and 354 show D sequence control;

FIGURE 36 shows the D counter;

FIGURES 37q and 37b show the L register;

FIGURES 38z and 38b show the Line Pulse Gen-
erator;

FIGURES 39« and 396 show the memory access con-
trol;
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FIGURE 40 shows the skip and arithmetic lockout
control;

FIGURE 41 shows the repeat control;

FIGURE 42 shows the priority circuits;

FIGURE 43 shows the interrupt and data transfer
intruction generator;

FIGURE 44 shows the external real time sync control;

FIGURES 45¢ and 45b comprise a timing diagram
iltustrating operation of the invention when overlap is
permissible;

FIGURE 46 is a timing diagram illustrating operation
of the invention when overlap is inhibited;

FIGURES 474 and 475 comprise a timing diagram
illustrating operation of the invention during an extended
sequence;

FIGURES 484 and 48b comprise a timing diagram
illustrating operation of the invention when executing
an instruction jump;

FIGURE 49 is a timing diagram illustrating operation
of the invention when executing a selective skip instruc-
tion;

FIGURE 50 is a timing diagram illustrating operation
of the invention when executing an arithmetic skip
instruotion;

FIGURES 514, 51b, S1c and 51d comprise a timing
diagram illustrating operation of the invention for an
input-output data transfer operation;

FIGURES 522 and 52b comprise a timing diagram
illustrating operation of the invention when an interrupt
subroutine is requested;

FIGURES 53a and 53b comprise a timing diagram
illustrating operation of the invention when executing
a repeated instruction;

FIGURES 54a and 545 comprise a timing diagram
illustrating operation of the invention when repeating
the operation of a skip instruction; and

FIGURE 55 is a timing diagram illustrating the opera-
tion of the invention when an interrupt subroutine or
data transfer is requested during the repeat mode.

In the system disclosed herein, both words of data
and words of instruction are stored in memory locations
and, when acquired therefrom, are employed in a man-
ner similar to that shown in much of the prior art. For
example, an instruction word is comprised of 25 binary
bits with parity and includes an operation code portion
(OP CODE) specifying the function, e.g., ADD, SUB-
TRACT, etc., to be executed. A word memory ad-
dress portion “S” is also included which usually specifies
the location of the data word (operand) to be used in
execution of the operation code. Alternatively, this
address portion can denote the address of the next in-
struction word to be processed, a constant, a shift con-
trol value, or other special values. Instruction words
further contain an index address portion “j” which may
be used to obtain a number from auxiliary storage for
the purpose of adding same to the “S” address in order
to modify the latter just prior to execution of the opera-
tion code. This modified word address portion of the
instruction is designated as “T.” Data words are also
comprised of 25 binary bits with parity and represent
numbers in fractional binary notation with a sign bit
placed to the left of the binary point. Negative num-
bers are represented by the 2’s complement of positive
numbers. Thus, 0.1011 is equal to the decimal value
of Yo+ +14g or [+114g], while 1.0101 is equal to
—14+¥%+4¥e or [—1%4e]. The instruction and data
word formats are illustrated below.

INSTRUCTION WORD FORMAT

OP CODE j 8,then T

2 s

17 18[19 20|21/22/23/24

0|1

o
=2
~1

l2|13 1411516

b
Parity (odd)

<t
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In general, “S” and “T” specify memory addresses where-

in are stored operands. “j” specifies an address in an

auxiliary memory (here designated as R memory) where-

in is stored a modifying index number specified as Ry
Thus, R;+“S"="T.”

DATA WORD FORMAT
l/Sign: 0=plus; 1=negative

FRACTIONAL NUMBER

22|23(24

0|1]2]3[415/6]7;8]910 |

13|14 15/16(17/18{19120121

11112

NERi . '
Rinary Peoint Parity (odd)

Basically, acquisition and execution of a single instruc-
tion requires 10 microseconds in the present system. As
shown below, the basic instruction processing time is con-
sidered in terms of two S-microsecond periods, where a
5-microsecond period is defined to be one machine cycle.

INSTRUCTION PROCESSING TIME
AN

N
Acquire Instruction Acquire Operand
from Memory from Memory
and Index ‘S Address and Executlve Op Code
AN AN
N

! s
«— 5microseconds ——— +«—— b5 microseconds ——

TIME RELATIONSHIP IN THE BASIC
INSTRUCTION

Common Commands, used to acquire an instruction,
are executed during the first S-microsecond period. Dur-
ing the next 5-microsecond period, the operand is acquired,
and then used in the execution of the instruction.

In order to effect a maximum utilization of time, the
present invention is designed logically in a way that per-
mits the simultaneous processing of certain portions of
successive instructions. Thus, the memory acquisition
time associated with the current instruction occurs during
the same actual time as the execution time associated with
the previous instruction. Likewise, the execution time
associated with the current instruction and the memory
acquisition time of the next instruction occur simultane-
ously. This association of successive instructions is illus-
trated below.

Microseconds
0 5 10 16
| d | |
Current Instruction
N

acquisition execution

! } |
acquisition excution
/
N
Next Instruction
NORMAL ASSOCIATION OF SUCCESSIVE
INSTRUCTIONS

The illustration above shows that the computer may
handle a new instruction every five microseconds. There-
fore, for programming purposes, five microseconds can be
considered the basic processing time requirement for any
given instruction.
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Two individual memories designated as W and V, plus
the ability of the computer to reference both memories
simultaneously, make this instruction-overlapping feature
possible. However, in certain programs it may be neces-
sary to acquire the next instruction from the same memory
that issues the operand used in the current execution of
the instruction. In such cases, the processing of the next
instruction does not begin until the operand used in the
current instruction is extracted from memory, thus adding
five microseconds to the program at this point as shown
below.

Microseconds
0 5 10 15 20
1 | 1 | 1
i 1 ] 1 3
Current Instruction
N
W operand
| : : ! |
' . Wreference
e, 5 e

T NS

NI cannot reference W Next Instroctlon
at this time

THE ASSOCIATION OF SUCCESSIVE INSTRUC-
TIONS WHEN AN ATTEMPT IS MADE TO SIMUL-
TANEQUSLY REFERENCE THE SAME MEMORY

During the Multiply, Divide Square Root, and Shift
instructions (hereafter called extended sequences), spe-
cial conditions exist regarding the overlap of instructions.
For these instructions from two to thirteen machine cycles

may be required for execution by the arithmetic unit.

Only instructions which are non-arithmetic may be proc-
essed during the existence of an extended sequence since
the arithmetic unit can only operate on one instruction at
a time. During the extended sequence, each non-arithme-
tic instruction is handled in the conventional manner. A
normal succession of non-arithmetic instructions during
an extended sequence is subject to the same conditions as
a normal succession of arithmetic or non-arithmetic in-
structions during those times that an extended sequence
does not exist. A maximum of 13 non-arithmetic instruc-
tions can be processed during the extended sequence as
shown below. The only instruction shown (other than
the extended sequence itself) that may be arithmetic is
n+13.

Microseconds

(I] 5 1[0 li’i 2|0 2[5 3P 3]5 4]0 45 5]0 5[5 ﬁﬂ 65 7]0
n+1 n+3 n-+5 n+7 n+9 n+11 n+13
N .
EF/Z— n-+4 n+6 n+48 n-F10 n+12
—— At
N

n (Extended Sequence)

THE RELATIONSHIP OF A SERIES OF NON-ARITH-
METIC INSTRUCTIONS AND AN EXTENDED
SEQUENCE

The number of instructions that is processed during an
extended sequence reduces proportionally as the number
of special conditions increases. Other conditions that in-
fluence the processing times of instructions are those in
which a jump or a skip instruction is being executed, or
when an instruction is being repeated. Furthermore, the
request by the system of an input/output data transfer or
for an interrupt sub-routine also affects the normal pro-
gram sequence.
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OVERALL SYSTEM
FIGURE 1 is a block diagram of the overall system,

which will first be described in order to subsequently make
clear the relationships between the individual detailed
units. The transmission of data between functional units
is depicted with heavy connecting lines. Control paths
between functional units are indicated by light connecting
lines. The arrowhead(s) indicates in what direction data
may be transferred from one functional unit to another or
the relative paths of control between functional units.
Arrowheads on both ends of a line indicate that data
transmission or control paths may occur in either direc-
tion. A circle with a number within it is placed on all
data flow lines. The number indicates the number of bits
that are contained in the binary quantity that can be trans-
mitted. Whenever a dot also appears within the circle,
this indicates that the data is “double gated” from one
functional umit to another. Double gated should be con-
strued to mean that both the “0’s” and “1’s” of a binary
quantity are transmitted. If no dot appears within the
circle, the quantity is single gated, which means that only
“1’s” are transmitted. The letter (s) “A,” “C,” “I/0,”
“M,” or “E” next to a particular block indicates that it is
a part of the arithmetic, control, input/output, memory,
Or error units respectively.

1.0. Control

The Control Section receives, interprets, and directs the
processing of each instruction. In directing the execution
of an instruction, the Control Section exercises supervi-
sion over the activities of the computer by controlling the
timing of all computer operations. The principal circuits
of the Contro] Section are the Interrupt and Data Trans-
fer Control, Instruction Register (U and U* registers).
Command Translator Circuits, Subcommand and Memory
Access Control, Main Pulse Distributor, Program Address
Counter (P and P*}, and R Memory Control. During the
execution of an instruction, the instruction word is held
in the Instruction Register, The Command Translator
Circuits interpret the operation code portion of the in-
struction and determine which commands are required
for its execution. The Subcommand and Memory Access
Control interprets the address portion of the instruction
and determines which memory section is to be referenced.
The Command Translator Circuits and the Subcommand
and Memory Access Control generate the commands in a
specific sequence of steps necessary to execute the instruc-
tion. The Interrupt and Data Transfer Control enables
the computer operation to be interrupted and directed to
perform special operations. The R Memory Control is
normally employed to reference R Memory and withdraw
a number uvsed to index the “S” address portion of the
instruction word to form the *“T” address portion.
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Program Address Counter—The Program Address
Counter provides the memory address of the next instruc-
tion to be acquired. The memory address is entered in
the Program Address Counter either manually or auto-
matically from the Instruction Register as the result of an
Interrupt or Jump instruction. As each instruction is ac-
quired, the Program Address Counter normally advances
by one count and thus presents the next address in order.
In specific cases, however, the current instruction being
executed will prevent the normal advancing of the Pro-
gram Address Counter, For example, a skip instruction
forces the Program Address Counter to advance by two,
while a Jump instruction or an Interrupt will force a new
address into the Program Address Counter. An address
is generated by the Program Address Counter in the fol-
lowing manner:

P* is cleared

P is transmitted to P*

Piscleared

(P*4n) is transmitted to P (where n=1 or n=2)

P Register—The P register is a 14-bit register which
holds the memory address of the next instruction after it
is computed by the Address Counter. An address can
also be placed in P from U*10-23 if a Jump instruction
is being performed. The P register communicates with
the W and V address registers and with the R transfer
register.

Address Counter—The Address Counter provides a
means for adding either one or two to the quantity in P*,
i.e., it computes the address of the next instruction.

P* Register—The P* register is a 14-bit register which
holds the address of the instruction currently being per-
formed.

Instruction Register—This provides enabling signals
to the Command Translator Circuit, R Memory Read and
Word-Write Circuits, and the Subcommand and Memory
Access Control. The address portion of insiruction is
transmitted to one of several possible destinations as de-
termined by the Command Translator Circuits and Sub-
command and Memory Access Control. For example,
if the instruction code specifies a store operation, then the
address portion will be treated as an address and trans-
mitted to the appropriate memory as directed by the Sub-
command and Memory Access Control. If the instruc-
tion is interpreted as a selective sense instruction, then the
address poriton of the instruction will be treated as an
operand to determine whether or not the action requested
will occur. (The selective sense instructions are always
sensed and interpreted, but are only executed if a corre-
sponding sense selection has been made at the Computer
Control Panel.)

In general, the Instruction Register receives an instruc-
tion word from either the Variable or Permanent Memory
(or manually from the Computer Control Panel),
translates the operation code into commands, modifies the
Variable or Permanent Memory address by some quantity
from R Memory if necessary, and uses this modified or
unmodified Variable or Permanent Memory address to
obtain an operand from storage if one is required for the
instruction. The commands issued by the Command
Translator Circuits make possible various operations by
different sections of the computer so that the instruction
can be performed in logical, sequential steps.

The registers which comprise the Instruction Register
and the main data paths for data transmitted to and from
the Instruction Register are shown in FIGURE 1.

U and U* Registers—These registers are 24-bit regis-
ters used to hold a complete instruction word while vari-
ous operations necessary for the execution of the instruc-
tion are being performed. A quantity can be entered into
U0-23 via the Z or O transfer register, or manually from
the Computer Control Panel (not shown).

(a) U0-5: This portion of the U register holds the
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operation code of an instruction while the code is being
translated by the Command Translator Circuits.

(b) U*0-5: This portion of the U* register holds the
operation code (after its transmission from U0-5) for
further translation of the instruction by the Command
Translator Circuits.

(c) U6-9: This portion of the U register holds the
address of an R Memory index word which is referenced
by the “j” address portion of the instruction. If no R
memory word is required, no quantity is placed in U6-9.

(d) U*6-9: This portion of the U* register holds the
j address (after its transmission from U6-9) of an R
Memory word also. From this register the address can
be translated, and the R Memory address specified can
be referenced.

(e) U10-23: This portion of the U register holds the
“S” address of an operand in Permanent or Variable
Memory or the Accumulator. The operand is required
for the execution of the instruction,

(f) U* Add Tree: The U* Add Tree makes possible
the addition of some quantity in the R register (R Mem-
ory) to the guantity in U10-23. This operation is es-
pecially useful for indexing. For some instructions,
U10-23 is modified by the addition of the contents of the
R register, and for others U10-23 is left unmodified and
placed directly into U*10-23.

(g) U*16-23. This portion of the U* register holds
the modified “T” (or unmodified) Variable or Permanent
Memory or Accumulator address of the instruction oper-
and. Register bits U*10-23 are the main portion of the
Instruction Register that communicate directly with vari-
ous sections of the computer.

Command Translator Circuits.—The Command Trans-
lator Circuits sense the output of the six highest order bits
of the Instruction Register (U0-5 and U*8-5), and trans-
lates each of 335 possible operation codes into a umique
set of command enables. Timing pulses, generated by the
Main Pulse Distributor, strobe these enables and thereby
generate the commands in the sequence necessary to carry
out the steps in the execution of each instruction.

Subcommand and Memory Access Control —The Sub-
command and Memory Access Control directs the refer-
encing of all memory sections except R memory. It
senses the outputs of the Instruction Register, Program
Address Counter and the Command Translator Circuit
and determines which memory section is to be referenced.
Using timing signals generated by the Main Pulse Distri-
butor, the Subcommand and Memory Access Control is-
sues the commands to reference the specific memory
section.

There are two primary functions of Subcommand and
Memory Access Control. The first primary function is
the control of the computer during the execution of a
Repeat, Selective Sense or Skip instruction, or during the
execution of an “extended sequence instruction” (arith-
metic lockout). An extended sequence instruction is an
instruction that requires more than 5 microseconds (one
machine cycle) for its execution; e.g., Divide, Multiply,
etc. The second primary function is that of Permanent or
Variable Memory access (Memory Access Control).
The units comprising the Subcommand and Access Con-
trol are the foliowing.

Repeat Control —Repeat Control governs the repeat of
an instruction and provides the circuitry necessary for
the correct interruption of a Repeat instruction. If a
Repeat instruction is interrupted, it is completed after the
interrupte has been satisfied.

Skip and Arithmetic Lockout Control—Skip and Arith-
metic Lockout Control governs the performance of a
Selective Sense Or Skip instruction and also permits the
computer to delay the execution of an instruction follow-
ing an extended sequence instruction until the extended
sequence is completed, if the next instruction is an arith-
metic instruction (requires use of the Arithmetic Sec-
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tion). All extended sequence instructions are performed
in the Arithmetic Section.

Memory Access Control—Memory Access Control
governs the access to either Permanent or Variable Mem-
ory, or to the Accumulator. Instructions and operands
can be referenced in memory. An instruction is a com-
puter word that initiates a particular operation, e.g., Add,
Load A, etc. An operand is a quantity (constant) refer-
enced by the address portion of the instruction word that
is to be used in the performance of the instruction.

In summary, Subcommand and Memory Access Con-
trol govern the special operations of the Repeat, Selective
Sense, Skip, and extended sequence instructions. It
also controls the access or referencing of a word in
Variable or Permanent Memory or the Accumulator.

Interrupt and Data Transfer Control.—The Interrupt
Control circuits provide for the acceptance and process-
ing of interrupt signals from both external and internal
unpits. Interrupt signals are received by the Interrupt and
Data Transfer Control and are assigned a priority. An
interrupt signal is a command to the computer to discon-
tinue present operation and process a new instruction.
An instruction is generated by the Interrupt Control cir-
cuits and is forced into the Instruction register which
then executes the instruction.
the starting of the computer or deviating from a program
must be processed by the Interrupt and Data Transfer
Control.

Interrupt and Data Transfer Control consists of three
basic parts: External Real Time Sync Control, Priority
Circuits, and the Interrupt and Data Transfer Instruc-
tion Generation circuits. These circuits act collectively
either to generale interrupts internally or to produce In-
terrupt and IO Data Transfer instruction upon request
from various sections of the computer. Any program
being performed by the computer may be interrupted
by an Interrupt instruction. If an interrupt request is
received, all other interrupt requests are locked out for
six instruction times so that an interrupt program can
be performed. At the end of 6 instruction times, another
interrupt program can be performed if an interrupt re-
quest is held in the Priority Circuits; otherwise the in-
terrupted program will be resumed. Data transfers can
be performed regardless of interrupt priorities. Also, no
six-instruction-time lockout exists for I/0 Data Trans-
fer instructions because they do not disrupt the main
program completely as Interrupt instructions do.

External Real Time Sync Control—External Real
Time Sync Control produces Start Pulse and CI interrupt
requests when a Start Pulse or CI interrupt request is
received externally from a critical external device. Ex-
ternal Real Time Sync Control also gates the Error In-
terrupt request to the Priority Circuits.

Priority Circuits—The Priority Circuits assign inter-
rupt and data transfer requests, prearranged priorities,
and also generate the 6 instruction-time lockout required
by an interrupt program.

Interrupt and Data Transfer Instruction Generation.
This portion of Interrupt and Data Transfer Control
produces automatically the proper operation code, “j”
reference, and memory address comprising a particular
Interrupt or I/0 Data Transfer instruction.

In summary, Interrupt and Data Transfer Control re-
ceives the interrupt and data transfer requests from ex-
ternal sources. If necessary, these interrupt and data
transfer requests are held, and at the proper time the
first instruction of their respective program (for inter-
rupts) is placed in U0-23. I1/0 Data Transfer instruc-
tions do not call for the execution of special programs.
Therefore, a data transfer operation requires only that
the Data Transfer instruction be place in U0-23.

Main Pulse Distributor—The Main Pulse Distributor
produces the main pulses upon which all computer oper-
ations are based. The distributor produces a cycle of
16 main pulses, 0 through 15, then repeats this cycle.

All operations affecting 2
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Main pulses produced by the Main Pulse Distributor are
pulse signals that are produced in a numerical sequence,
ie., 0, 1, 2, 3, through 15. There are 16 main pulses
in a main pulse cycle. Each main pulse cycle is §
microseconds in length, These main pulses are identified
by the numbers 0 through 15 written MPQ, MPI, etc.).
Main pulses are issued to all sections of the computer to
enable the performance of instructions in a logical, time-
ordered sequence. This unit is not shown in detail in the
instant application.

R Memory Access and Control—R Memory Access
and Control provides access to the R memory. It also
provides for the comparison of U*10-23 with R register
and for the addition of 1 to the guantity in the R register.

R Register—The R register is a 14-bit data transfer
register which provides an output communication path
between R Memory and other sections of the computer.
It contains, among other values, the number used to
index the “S” address portion of an instruction.

OR Gates—The OR Gates provide a 14-bit path for
writing a quantity into R Memory from several sources,
e.g., U*10-23, X register, etc.

R Memory Counter—The R Memory Counter pro-
vides the necessary circuitry for adding 1 to the R regis-
ter if required and then entering (R-1) into R Memory
via the OR Gates. Also, the content of R register may
be gated through the counter without any change.

Comparator—The Comparator compares R with
U*10-23 to determine when a data transfer operation
should be terminated.

In summary, words which are read out of R Memory
enter the R register and are thereafter distributed to the
various portions of the computer. Words which are to
be written into R Memory are transmitted to R Memory
via the OR Gates. The quantity (R-+1) can be written
into R Memory via the OR Gates if required.

1.1. Memory

The Memory Section of the system is made of three
independent units of storage: Reference memory (desig-
nated R Memory), which consists of a small capacity,
high-speed, destructive readout (DRO) ferrite core stor-
age unit; Variable Memory, which consists of a medium
capacity, destructive readout storage unit using a con-
ventional magnetic core storage system; and Permanent
Memory, which consists of a large capacity nondestruc-
tive readout (NDRO) storage unit using permanent mag-
nets and a twistor matrix.

A fourth unit, the Twistor Input Switch (Twistor Input
Unit) is associated with permanent Memory and acts as
a high-speed input device between certain critical ex-
ternal units and the computer.

The characteristics of the three memory units are high-
speed operation, random access to stored data, and re-
tention of data when power is turned off (nonvolatility).
All three storage units have provisions for checking par-
ity. Variable Memory, Permanent Memory, and the
Twistor Input Switch each provide for storing parity
aleng with the data word. Parity for the R Memory is
stored in the Error Circuits.

R Memory—The R Memory is recognized as a part
of the Control Section because of the tasks it performs
in modifying the address portion of instruction words
and in storing data transfer addresses during subroutines.
The description presented in the Memory Section treats
only the physical operation of the unit as an independent
storage device. For an explanation of R Memory as an
integrated part of the complete system, refer to the above
description of the Control Section. The R Memory is
a magnetic core storage device capable of storing fifteen
14-bit words at address locations 1 through 15. The
memory is word-organized and employs a coincident
current write and a single current read cycle. Four bits
of the instruction word are required to specify an address
in R Memory. Bits 6, 7, 8 and 9 of U*, the second rank
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of the instruction register, are translated to select one of
15 word addresses. Information is inserted into R
Memory through the OR gates. This information may
come from the 0, X, U* or R registers. R, the 14-bit
rest of the computer and back into R Memory if desired.
Parity for R Memory is stored and checked in the Error
Circuits,

The Read and Word-Write Circuits provide the drive
current for switching the state of selected memory devices.
One Read Circuit and one Word-Write Circuit is associ-
ated with a specific address. Their selection is determined
by enable signals from the translator circuits of bits 6-9
of the Instruction Register U*. A Read Circuit, when
enabled by U*6-9, applies a full drive signal to the associ-
ated memory devices which drives them all to the “0”
state. The Word-Write Circuits, when enabled, apply a
half write signal to the associated memory devices, which
is not by itself of sufficient value to drive them to the “1”
state. The additional force necessary to drive a given
element to the “1” state is supplied by the Digit Write
Circuits. Therefore, only those elements which receive
the Digit Write signal in addition to the Word-Write sig-
nal will switch to the “1” state.

The R-Memory device store the information. The
element employed is the magnetic core. The cores are
arranged in rows and columns in a 16 x 16 matrix. One
Read wire and one Word-Write wire is threaded through
each row of cores; one Digit Write wire and one Sense
Wire is threaded through each column of cores. The
application of signals to these wires enable the cores to
switch to either the “0” or “1” state. The Sense Am-
plifiers receive and amplify the sense signals during a
Read operation. The outputs set appropriate stages of
the R-Register. The Digit Write Circuits supply drive
current necessary to complement the Word-Write signal
to effect the storing of “1’s” in R Memory. Enables are
supplied from the OR Gates.

Variable Memory.—The Variable Memory is a con-
ventional magnetic core storage system. The unit con-
tains 2048 address word locations capable of storing a
24-bit instruction word or operand (data word) plus
parity. Characteristics are high-speed operation, random
access to stored data, and retention of data when power
is turned off (nonvolatility). The time required for one
memory reference (the basic memory cycle) is 5 micro-
seconds. Variable Memory is used to store input-output
data, the results of intermediate calculations, error ad-
dresses, and variables. Except during the Real Time
Mode, the Variable Memory may also be used to store
instruction. A block diagram of Variable Memory and
associated control circuitry is shown in FIGURE 2.

A read operation followed by a write operation make
up what is called the basic cycle in Variable Memory.
The duration and timing of these operations is controlled
by the Variable Memory control flip-flops and clock
pulses from the Main Pulse Distributor. Major sequence
commands for the transmission of address information to
the V register and for data transmission to and from
the O register are issued by the Control Section.

V, the 11-bit address register, selects one of the 2048
address locations during a Variable Memory reference.
The translators associated with V simultaneously enable

Xand Y access switches (selectors) and drivers at op-
posite ends of the drive lines to permit the flow of current
through the cores. Once an address has been selected,
data is transferred from Variable Memory to the rest of
the computer and from the rest of the computer to Vari-
able Memory through O, the 24-bit transfer register.

In addition to transferring a 24-bit data word, the O
register also contains an additional bit for storing parity.
Parity is generated when data is sent to O for storage in
Variable Memory. The parity thus generated is stored
in the memory along with the data word. Parity is
checked when the word is taken out of the memory and
placed in O for transmission to other parts of the com-
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puter. If a parity error exists, the address at which the
error occurred is stored in the E* register until such a
time that the error can be analyzed. The address system
also has provisions for checking parity. The address that
is sent to the V register is checked against the parity of
the P or U* registers each time a Variable Memory refer-
ence is made. If there is a parity error, the address in
P* is stored in the E* register until such a time that the
error can be analyzed.

Permanent Memory—The Permanent Memory is a
word organized, large capacity, non-destructive readout
storage unit. Information is stored in the memory in a
pattern of permanent magnets arranged on a card. A
twistor matrix is used to sense the presence or absence of
a magnet for the bits of a word being addressed. The
unit contains 10,240 address locations each capable of
storing a 24-bit instruction word or constant plus parity.
Characteristics of the unit are high-speed operation, ran-
dom access to stored data, and retention of data when
power is turned off (non-volatility). The time required
for one memory reference (the basic memory cycle) is
five microseconds. Permanent Memory is used to store
critical constants and instruction words. Because the pro-
gram is stored in permanent magnets, the cards in which
the magnets are embedded are called “program cards.”
These cards are inserted along columns of twistor wires
so that the magnets are close enough to set up an external
magnetic field in the twistor wires. The presence or ab-
sence of a magnet denotes a “0” or a “1.” Thus the pro-
gram can be changed by inserting new program cards con-
taining a revised pattern of magnets. A block diagram of
Permanent Memory and associated control circuitry is
shown in FIGURE 3.

A read operation followed by a bias operation make
up what is called the basic cycle in Permanent Memory.
The duration and timing of these operations is controlled
by the Permanent Memory control flip-flops and by clock
pulses from the Main Pulse Distributor, Major sequence
commands for the transmission of address information
to the W register and for data transmission to and from
the Z register are issued by the Control Section. W, the
14-bit address register, selects one of the 10,240 address
locations during a Permanent Memory reference. The
translators associated with W simultaneously enable X
and Y group access switches (selectors) and line access
switches (selectors) at opposite ends of the drive lines to
permit the flow of current through the word access cores.
Switching the word access cores enables data to be read
out of Permanent Memory. The information stored on
the program cards is not destroyed by the read operation
(nondestructive readout), therefore a write operation is
not necessary. However, since the word access cores
change stages during a read operation, a bias current
which is on continuously is used to switch the cores back
to their original state. Once the address has been selected
and the read operation initiated, data is transmitted from
Permanent Memory to the rest of the computer through
Z, the 24-bit transfer register.

In addition to transferring a 24-bit data word, the Z
register also contains an additional bit for parity. Parity
is stored in the memory along with the data word and
is checked when the word is taken out of the memory
and placed in Z for transmission to other parts of the
computer. If a parity error is found, the address at
which the error occurred is stored in the E* register
until such a time that the error can be analyzed. The
address system in Permanent Memory also has provisions
for checking parity. The address that is sent to the W
register is checked against the parity of the P or U*
register each time a Permanent Memory reference is
made. If there is a parity error, the address in P* is
stored in the E* register until a time that the error can
be analyzed.

Twistor Input Switch.—The Twistor Input Switch
(Twistor-Input Unit or TIS) is a word-organized device
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that receives data from certain external units and makes
it immediately available to the computer. The char-
acteristics and principles of operation of the switching
unit are similar to those of permanent Memory. How-
ever, since data from the external unit is continually
changing, the permanent magnets that are used as storage
devices in Permanent Memory are replaced by electro-
magnets in the Twistor Input Switch, so that information
being transmitted from the unit can be changed at ran-
dom. The Twistor Input Switch has 48 address loca-
tions each of which is capable of storing a 24-bit word
plus parity, Characteristics of the unit are high-speed
operation, random access to stored data, and retention of
data when power is turned off (assuming the inputs re-
main energized). The time required for reference (basic
cycle) is 5 microseconds.

As in Permanent Memory, a read operation followed
by a bias operation make up what is called the basic
cycle in the Twistor Input Switch. The duration and
timing of these operations is controlled by the Permanent
Memory control flip-flops and by clock pulses from the
Main Pulse Distributor. Timing for the data input is
controlled by the external unit and interrupts may be
generated at any time. Access circuits similar to those

used in Permanent Memory are used to provide the read .

current and bias current in the Twistor Input Switch.
Access to the 48 address locations is supplied by the
14-bit W register. Once the address has been selected
and the read operation initiated, data from TIS is gated
into the Z register for transmission to the rest of the
computer. The parity check in the Twistor Input Switch
is identical to that in Permanent Memory.

1.2. Arithmetic

The Arithmetic Section performs the basic operations .

of addition, subtraction, multiplication, division, square
root, shifting and masking. The principal circuits are
the arithmetic registers, X, Q, and (A), the Arithmetic
Sequence Control (ASC), and the Shift Register (K).
The Q, A, and K Registers are each double rank reg-
isters, with the second rank denoted by *. The X reg-
ister is single rank. In certain operations, A, and Q,
and A* and Q* are combined to form double length
registers. The extended registers are designated by the
combinations AQ and A*Q* respectively. The numeri-
cal quantities of an arithmetic operation are manipulated
in the arithmetic registers; while ASC and the shift reg-
ister are concerned with control operations. All arith-
metic operations are performed in fractional, two’s
complement, binary arithmetic. For details of this sec-
tion, reference may be had to co-pending U.S. applica-
tions Serial No. 137,805, filed September 13, 1961, and
Serial No. 134,945 filed August 30, 1961, now Patent
No. 3,192,366 dated June 29, 1965,

X Register—The X Register is a 24 bit, single rank
register. It functions, both as a buffer register and as
an arithmetic register. As a buffer register, it serves
as the data transfer register linking the arithmetic sec-
tion to other computer sections. As an arithmetic reg-
ister, it holds the addend, subtrahend, multiplicand,
divisor, and root during the associated arithmetic oper-
ations. The X Register has neither shifting nor com-
plementing properties. The complement of X, however,
as well as the value 2X may be gated to the adder.

A Register—The A Register, a 24 bit accumulator,
is the principal register of the arithmetic section. It
consists of the first rank register, A, and the second rank
register A* and associated adder., The A Register is
involved in all arithmetic operations. It holds the
augend and accumulated sum in addition, the minuend
and difference in subtraction, the most significant bits
of a product in multiplication, the most significant bits
of a dividend and the remainder in division, and the
radicand in square root. Shifting properties are pro-
vided during transfers from A* to A. During multiply
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and divide operations, A and A* are tied to Q and Q%,
respectively, to form double length registers.

O Register—The Q Register functions as an auxiliary
register during operations of multiplication, division, and
square root. In multiplication it holds the multiplier
and the 24 least significant bits of the product; in division,
the least significant bits of the dividend and the quotient;
in square root, the remainder. Shifting properties are
provided during transmissions from Q* to Q. During
multiply and divide operations, Q and Q* are tied to A
and A%, respectively, to form double length registers.

Arithmetic  Sequence Control. The ASC receives
operation code cnables from the Control Section and
directs the sequence of operations involved in the arith-
metic processes. During extended sequence operations
(multiply, divide, square root, and shift) ASC operates
with K to produce the iterations necessary to complete
a designated instruction. An extended sequence is any
instruction that requires more than one instruction
time (5 microseconds) to execute. When an extended
sequence is performed, ASC assumes control of the Arith-
metic Section. Therefore, the Control Section of the
computer is free to execute any subsequent instructions
that do not require the use of the Arithmetic Section.
The execution of those instructions that occur during an
extended sequence and are arithmetic in nature (require
the use of the Arithmetic Section) is delayed until the
extended sequence is completed. Such a delay is called
an arithmetic lockout.

K Register.—The K Register holds the shift count
during the shift instruction and the iteration count dur-
ing multiply, divide, and square root. As each shift or
arithmetic iteration is performed, (K*) is transmitted
to the counter and reduced in count. If a single place
shift or iteration is performed, the count is reduced by
one; if a two place shift is executed the count is reduced
by two. When K=0 the sequence is terminated.

A*, Q% and Skip Enable Tests—This unit (1) checks
the contents of A* to determine whether it equals 0
or —1, (2) checks the contents of Q* to determine
whether it equals 0, and (3) checks the sign of A, A%,
and X to determine whether A is greater than or equal
to X, or whether A is less than X.

1.3. Input/Output

The Input/Output Section functions as a buffer for the
exchange of data between the computer and the external
equipment. Communication is provided on two chan-
nels, designated channel 1 and 2. Each operates inde-
pendent of the other under direction of the control sec-
tion. Channel 1 transfers data from the computer
variable memory to critical external units. Channel 2
transfers data from the variable memory to non-critical
external units and also exchanges data with the tape units
and the typewriter. The principal circuits include the
communication registers C1 and C2, the function regis-
ters F1 and F2, C1 and C2 Sequence controls, the D
and L registers, and the Signal Data Recorder-Reproducer
Control.

Cl! and C2 Registers—These registers, each 25 bits,
form the data link between the computer and the external
units. Although C1 is employed only as an output trans-
fer register in the present system, the necessary hardware
for an input operation may be included if desired.

F1 and F2 Registers.—The function registers F1 and
F2, each 13 bits, are associated with C1 and C2, respec-
tively. These registers receive the function code from the
control section, translate it, and provide the control en-
ables which designate the operation to be performed and
unit which is to operate.

CI and C2 Sequence Controls—These circuits provide
the proper timing for sequencing transfers of data.

D Register—This 7 bit transfer register (including
parity) functions as a buffer register during communica-
tion with the certain peripheral equipment. During out-
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put operation D receives 6 bit characters from C2 and
transfers them to the typewriter or to tape units. During
input operations D receives 7 bit characters from the tape
units or typewriter and transfers them to CZ.

L Register—This 7 bit register (including parity) re-
ceives characters from the D register and converts “return
to zero” data to “change on 17 data for recording on tape.
1t also is utilized in writing an end of record check mark,
and in performing a longitudinal check on drop outs dur-
ing a tape read operation.

Signal Data Recorder Reproducer Control—These cir-
cuits control the operations of D and L during conversion
of a 24 bit computer word to a 6 bit tape or typewriter
character, and vice versa.

14. Error

The basic function of the Error Section is the detection
of errors that occur in all sections of the computer. There
are two basic types of errors, program-generated
and hardware-generated. Program-penerated errors are
classed as intermittent errors, since they result from er-
roneous programming and once generated, will probably
not appear again. Hardware-generated errors can be in-
termittent also; the result of marginal conditions in the
hardware. When the hardware fails completely, the error
becomes “solid.” Solid errors are those errors that are
duplicated each time the hardware that produces the error
is used. When errors are detected, those physical por-
tions of the computer (C-planes and/or D units) that
caused the error are located, by translation of the error
itself and additional programming.

When an error occurs, the error and an “indicating
program address” are stored in memory, thus enabling fu-
ture references to both the error and indicating address.
The indicating program address establishes a relationship
between an error and its occurrence in a program. When
an error occurs, certain bits of the E register are set, there-
by producing in that register a quantity that specifies an
grror. This quantity (error) is implied in the statement:
the error is stored. The Principal circuits of the error
section are the various Error check circuits, the Error
Register (E) and the Error Address Register (E*). For
details of this section, reference may be had to the above
identified U.S. Application Serial No. 137,805.

E Register —The E Register, 25 bits, receives error data
from the detection hardware, translates the data, and pro-
duces error light indicator enables designating the D Unit
and C plane at fault. Italso issues error interrupts to the
control section which then stores the error data in Vari-
able Memory.

E* Register —This Register, 14 bits, records the address
of the instruction in process at the time the error occurred,
or in the case of an errotr on a memory reference, it re-
cords the address of the word being referenced. This
data is also stored in variable memory for subsequent
analysis.

Error Check Circuits.—These circuits are located in all
computer sections and check data transmissions, com-
mand signal generations, timing operation, etc. to set a
particular bit or bits of the E Register. These are as fol-
lows. O and Z Parity Check circuits determine which,
if any, bits are lost when, during memory references, words
are transmitted between the Vatiable Memory and the O
register or between the Permanent Memory and the Z reg-
ister. R, OR Gates and U*10-23 Parity Check Circuits
check parity of the R register during R memory read
operations, and sense parity of the OR Gates during R
Memory write operations. Also, these circuits sense the
parity of U*10-23 so that, whenever required, reading
of parity from this portion of the U* register is possible.
Address System Parity Check Circuits detect the loss of
bits and the generation of errors in the address system
register; namely, U*10-23, V, W, P, and P*. Extended
Sequence Error Check Circuits determine whether the pro-
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gram time allocated to the extended-sequence instructions
(Multiply, Divide, Square Root, and Shift) is exceeded.
Critical Command FError Check Circuits determine
whether commands that are critical to the computer arith-
metic operations have been produced when required.

Error Indication and Control—Error Control super-
vises the transmission of data between the E and E* reg-
isters. Also, Error Control supervises the execution of
those portions of the Error Interupt program that are re-
lated to the storage of detected errors. The E register
communicates with the Error Detection Circuits and the
Variable Memory via the O register. The E register re-
ceives all errors that the computer is capable of sensing
and then, by employing error-analyzing programs, trans-
lates the word in E to a visual indication of faulty D-units
or C-planes. These programs light error indicators on
those C-planes and/or D-units that are functioning im-
properly.

In summary, the E* register receives data from P*, V,
and W whenever an Error Interrupt is generated. Since
P*, V and W are address registers, E* will receive an ad-
dress when an error occurs. This address specifies the
general location in the program at which the error oc-
curred. Also, E* communicates with Variable Memory
via the O register, thus enabling the transmission of the
contents of E to O during the Error Interrupt program.
The Error Indication and Control portion of the Error
Section receives indications of computer errors and other
information (addresses) that is useful in the program
diagnosis of these error indications. In addition, this
function group includes the circuitry that controls the
operation of the Error Section during the Error Interrupt
program.

GENERAL

2.0 Memory addresses

FIGURES 2 and 3 are block diagrams of the variable
memory and permanent memory access circuits, respec-
tively. However, a detailed description of each of these
figures is postponed until after the V register and trans-
lator of FIGURE 21 or the W register and translator of
FIGURE 24 have been discussed. For the present, it is
sufficient to note that a variable memory 14 binary bit
address is in the range of values from

00 100 000 000 000

through 00 111 111 111 111, inclusive. By dividing this
fourteen bit address into four groups of three binary bits
each and one group of two binary bits, as shown, this
variable memory address range may be more convenient-
ly expressed in octal notation as 04000 through 07777,
inclusive. A 14 binary bit permanent memory address

through 11 011 111 111, 111, inclusive. The permanent
memory address range expressed in octal fashion there-
fore 10000 through 33777, inclusive. The twister input
switch portion of the memory section may be referenced

by a 14 binary bit address in the range of from
11 111 111 010 000

through 11 111 111 111 111, inclusive. Again, this
range may be expressed in octal fashion from 37720
through 37777, inclusive. If a data operand word is lo-
cated in the accumulator register of the arithmetic unit
(an “A” address) instead of in either the variable, perma-
nent, or TIS memories, then this location is specified by
a 14 binary bit address of 00 011 000 000 000, expressed
in octal fashion as 03000. Also, octal numbers of
03XXX (where X designates any octal digit) can be used
to indicate the “A” address. All other 14 bit binary com-
binations other than those specified above refer to non-

existent memory locations.
2.1. Basic Circuit

FIGURE 4a shows a schematic of a transistor circuit
which may be ufilized as the basic logic element of the
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system, while FIGURES 4b, 4c, and 44 indicate the sym-
bols used in FIGURES 5 through 44 to signify the par-
ticular logical function of the basic element in a particu-
lar environment. For the logical combination of input
signals, two or more PNP transistors T1 and T2 have
their emitters grounded and their collectors connected to
the center of a voltage divider consisting of resistors R1
and R2, with a negative potential being applied to the
other terminal of R1 to reverse bias the transistor col-
lector circuits in the normal fashion. The output termi-
nal 4-10 from the circuit is derived from the common
junction of the transistor collectors. Individual input
signals are applied to input terminals 4-11 and 4-12
which are respectively connected via resistors R3 and R4
to the base electrodes of T1 and T2. Capacitors C1 and
C2 are also shunted with R3 and R4 respectively, to per-
form a speed up function. The input signal applied to
either terminal 4-11 or 4-12 is binary in nature in that
it has two discrete potential levels such as is shown in the
figure. When the input signal is at the lower of its two
potentials, the circuit is designed such that the base elec-
trode of the associated transistor is more negative than
its grounded emitter so that conventional current flows in
its collector electrode in the direction of the arrow. This
current flows through R1 back to the negative potential
so that the terminal 4-10 produces a positive going signal
therefrom. Conversely, if a positive going input signal is
applied to a terminal 4-11 or 4-12, then the base elec-
trode of the associated transistor is raised to reduce or
terminate the current in its output collector circuit. This
therefore drives terminal 4-10 toward the negative po-
tential connected to the other terminal of R1, thus pro-
ducing a negative going signal output. The ON condi-
tion of any one of the transistors associated with re-

sistor R1 causes a positive output from terminal 4-10 2

such as indicated in FIGURE 4a. A negative going out-
put from 4-10 is only generated if positive going signals
are applied to the base electrodes of all of the transistors
in the circuit, Thus, the circuit of FIGURE 4« acts log-
ically as an AND-NOT circuit for positive input signals,
and as a NOR circuit for negative signals. Although two
transistors T1 and T2 have been shown in FIGURE 4q,
one transistor, or three transistors may be provided de-
pending upon the number of input signals to be sensed by
the circuit.

FIGURE 45 indicates the symbol utilized for the cir-
cuit of FIGURE 4a when it is to be used for detecting
the coincidence of positive input signals. The character
& placed in the middle of block 4-13 indicates the AND
NOT function of the circuit, which generates a significant
negative output only when positive going signals are ap-
plied to all of its input terminals. In FIGURE 4c, the
character O placed in the middle of block 4-14 indicates
that the basic circuit acts as a NOR circuit so that a
significant positive output is obtained therefrom when
any one of its input signals is negative. In FIGURE 4d,
the symbol N in the center of block 4-15 indicates a
NOT function of the basic circuit such that the output
is the inverted input. The basic circuit of FIGURE 4a
will provide the NOT function if it includes only one
transistor.

FIGURE 4e¢ shows the block symbol used for a bi-
stable flip-flop while FIGURE 4f shows the composition
of the bistable flip-flop using two of the basic circuits in
their logical NOR function. In FIGURE 4e, a flip-flop
4-16 is represented as having one or more set input ter-
minals and one or more clear input terminals, with one
set output (1) and one clear output (0) therefrom. A
negative going signal applied to any one of the set input
terminals of a flip-flop causes that flip-flop to assume a
state such that a positive signal is produced from its (1)
output terminal. Conversely, a negative going signal ap-
plied to any one of the clear input terminals causes the
flip-flop to assume a state such that a positive going sig-
nal is provided from its (0) output terminal. A flip-flop
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having these characteristics may be constructed as shown
in FIGURE 4f from two of the basic circuits acting as
NOR gates, Each of the O gates is respectively cross
coupled by having its output connected to an input of
the other as shown. Other inputs are provided to each
of the O gates 4-18 and 4-17 depending upon the num-
ber of set and clear input terminals required, respectively.

The operation of the logic configuration of FIGURE
4f is as follows, assuming that 0O4-17 receives negative
“clear” signals as required, while 04-18 receives negative
“set” signals as required. When neither a negative “clear”
nor a negative “set” signal is to be applied to its associated
input, the potentials of these inputs are all held positive.
Assume first that a negative going “set” signal is tem-
porarily applied to one of the set terminals of O4-18.
As illustrated in FIGURE 4a, any negative going signal
to the basic logic circuit produces a positive output there-
from. The positive output produced by 04-18 is ap-
plied to one of the input terminals of 0417, with the sig-
nals applied to the other clear input terminals of this O
gate also being positive in the absence of a “clear” input
signal. Therefore, in this situation, positive signals are
applied to all input terminals of 04-17 such that it pro-
duces a negative output signal which in turn is applied
to one of the inputs of U4-18. This negative signal from
04-17 maintains a positive output from 04-18 even
after the temporary negative “set” signal disappears.
Thus, the flip-flop is set to a stable state which produces
a positive output from 04-18 and a negative output from
04-17. In order to change stable states, a negative
“clear” input must be temporarily applied to one of
the clear input terminals of 04-17, which thus produces
a positive output therefrom. This positive output is ap-
plied to 04-18 further having positive signals applied to
all of its set input terminals in the absence of a significant
negative “set” signal. Therefore, the output from 04-18
becomes negative which in turn maintains the positive
signals from 04-17 until a negative “set” signal is once
again applied to 04-18.

DETAILED FIGURE DESCRIPTION

In the remaining FIGURES 5 through 44, all X gates,
O gates, N gates, ond control flip-flops are numbered in
a manner to indicate the figure in which they are shown.
Thus, the digit or digits to the left of the hyphen repre-
sents the figure number. For example, the term “A27-
18” refers to an A gate in FIGURE 27. Likewise, the
term “027-16" refers to an O gate in FIGURE 27, The
term “FF27-10" refers to the X shaper flipflop in FIG-
URE 27. However, those flip-flops which comprise stages
in any one of the various registers are designated only by
the register letter followed by a digit or digits specifying
its position in the register; i.e., P01 (or P1); U*10, etc.

All signals entering a figure are specified by a word
or words (sometimes abbreviated) usually indicating its
function, as well as a digit or digits enclosed in parenthe-
ses for indicating the figure from which that signal is
generated. The exceptions to this are if the signals are
derived from either the set or clear output terminals of
a flipflop in a register, or if the signal is generated from
a unit shown in FIGURE 1 which is not disclosed in
detail in the instant application. In the case of the
former, the register stage is identified but the figure in
which it appears is not given,

3.0. Program Address Counier

FIGURE 5 shows the P register which is a 14 bit reg-
ister used to hold the address of the next instruction to
be performed. Fourteen flip-flop stages POO through
P13 are provided in the register although for the sake
of clarity, only eight of these stages are shown, with
stages POS through P10 being omitted. A 14 bit address
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may be entered into the P register from three different
locations within the control unit. During normal in-
struction address sequencing, the address is inserted into
P register from the address counter of FIGURE 7 via the
conductors marked SET P00 (7) through SET P13 (7).
As will be subsequently explained, the address counter has
incremented the immediately preceding instruction ad-
dress by one so that this procedure results in the instruc-
tions being normally withdrawn in sequence from the
memory. The P register may also be loaded directly
from the P* register via the conductors labeled SET
P00 (6) through SET P13 (6). This function is per-
formed during the execution of a Repeat instruction 40,
or if an extended sequence arithmetic operation is cur-
rently being performed by the machine and certain other
conditions are met. The third location from which the
P register may be loaded is the U* register stages 10-23
which contain the address portion of the current instruc-
tion. This operation is generally performed during the
execution of any one of the jump instructions 34, 35, or
36, and also during the execution of the Repeat instruc-
tion 40. Information from U*10-23 is gated to PO0-13
via A gates 5-10 through 5-23 which are respectively
conditioned by an output from 05-24. 05-24 in turn
receives signals from A5-25 and A5-26, either of which
is sufficient to make the transfer. A5-25is conditioned
at MP3 time and produces an output if a memory jump
instruction is being currently performed. AS5-26 is gated
at MP9 time and generates an output during execution
of the Repeat dnstruction 40.

P register stages O through 13 may be cleared to an
empty condition by any one of a number of ways via
0528 and 05-33 whose outputs are respectively in-
verted by N5-29 and N5-34. For example, prior to
entry of an address from the address counter, a Clear
P signal is applied to 0528 and 05-33 from the memory
access control umit in FIGURE 39. A Clear P signal
from the skip and arithmetic lock-out control unit of
FIGURE 40 is also applied to the latter two O gates dur-
ing a skip operation. Clear signals for the P register
during execution of the Repeat instruction 40 are also
provided by A5-30 and 45-32. In like fashion, A5-31
is responsive to a timing signal MP2, together with in-
dication of a jump instruction, in order to provide a clear
signal to the P register.

‘All of the above identified clear signals for the P reg-
ister are applied simultaneously to 05-28 and 05-33.
It will be noted that the output from 15-28 is applied to
clear all of the P register stages except P02, which is
cleared only by the output from 05-33. During the in-
itial start-up of the machine, a Set P=-04000 signal is ap-
plied only to 11528 so as to clear all but the P02 stage.
In turn, a reset P=04000 signal is applied to set the P02
stage as indicated in FIGURE 5. This operation causes a
memory address of 04000 to be inserted into the P regis-
ter which is the memory location of the first address to be
performed in the program. Normally, however, all other
clear signals result in outputs being emitted from both
05-28 and 05-33 so that all register stages of P are
cleared at the same time. .

FIGURE 5 also shows the address range translator in
which the address of the next instruction held in P register
is translated to determine whether it is 2 variable or a per-
manent memory address, or whether an illegal P address
has been computed by the program address counter. The
address range translator need only sample the binary bits
held by the P register stages P00, P01, and P02, P0o
and P01 respectively represent the binary coefficients 2!
and 20 which make up the highest order octal digit which
may have a value of from 0 to 3. P02 represents the
binary coefficient 23 making up the second highest order
octal digit which may have a value of from 0 to 7. Thus,
if both stages P00 and P01 are in their cleared condition,
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the highest order octal address digit is 0, while if both of
these stages are set, the highest order octal digit has a
value of 3. In like manner, if P02 is in its cleared con-
dition, the second highest order octal digit may have a
value of from 0 to 3 while if the stage is in its set con-
dition, the second highest order octal digit has a value of
4 or above.

The manner in which the address range translator oper-
ates may be clearly appreciated from Table 1 given below.

TABLE 1

P Register Mem, Adr. V. Mem. | W. Mem. Illegal
Po.P1.P2 WXXX-03XXX No No Yes
PO-P1.P2 MXXXOTXXX Yes No No*
P0-P1.T2 10X XX-18XXX No Yes No
FO-P1.P2 14X XX-17XXX No Yes No
ro-P1.P2 20X X X-28XXX No Yes No
r0.P1.P2 AXXX-27XXX No Yes No
Po.P1.P2 30X XX-33XXX No Yes No
PO.P1-P2 MXXX-JITXXX No No Yes

*Yes, if in real time mode,

If all three of the sensed stages PG, P1, and P2 are
cleared, each of the signals PO, PI, and T2 is positive and
switch at A5-42 to provide a negative output therefrom.
With this configuration of P register stages, the address
contained in the P register is in the range of from 00000
to 03777, with the X values in Table 1 indicating that the
digit in that octal order may have any value from 0 to 7.
In accordance with the previous address range given be-
fore, it is seen that none of the addresses represented will
reference either the Variable or the Permanent (V or W)
memory so that the address held in the P register at this
time is illegal. The negative output from AS—42 is
applied to 05-47 which results in a positive output there-
from, which in turn switches with MP1 and a signal in-
dicating the absence of a memory jump instruction to pro-
vide a negative output from A5-50.

In the event that PO and P1 are both cleared while P2
is set, the signals PO, P1, and P2 are positive. The address
now contained in the P register will thereby have a value
of from 04XXX through 07XXX which is a variable
memory address. Since PZ is now negative, there is no
significant output from A5-42 which means that its output
remains positive. PO and PI switch at A5-43 together
with the output from A5-42 to provide a negative output
therefrom, thus indicating that the condition T0-TI-P2

5 has been met. The negative output from A5-43 is in-

verted via N5—44 and applied to A5-41 as a positive sig-
nal. However, in order to get a significant output from
A5-41, positive signals P To V Or W Enable, together
with a signal indicating that the system is not in real time
mode, must also be applied thereto. If such is the case,
then a negative output is derived from A5-41 which, when
inverted via N5—46, becomes a positive signal P=V/Adr.
This signal is used to gate the contents of the P register
to the variable memory address register V in a manner
subsequently to be described. If the system is not oper-
ating in the real time mode, then a variable memory
address in P register is a valid one. However, if a system
is operating in the real time mode, then a variable mem-
ory address in P becomes illegal. This condition is indi-
cated by switching the output of N5-44 against a positive
Real Time Mode signal at A5—48 to provide an input to
05-47. This in turn provides a positive input to A5-50
which may switch with the other positive signals to gen-
erate an error signal. In such a case, the signal Not Real



3,260,997

23

Time Mode applied to one input of A5-41 is negative in
order to prevent the positive signal P=V/Adr. from be-
ing generated at this time,

Jumping now to the last line in Table 1, if all three
stages PO, P1, and P2 are set, then the address contained
in the P register is in the range of from 34XXX through
37XXX none of which is a valid memory location for
instruction referencing. It should here be noted that the
Twistor Input Memory with addresses 37720 through
37777, acts as a buffer between certain external units and
the computer for data only, but not instructions. This
combination of the P register stages is sensed by A5-49
which supplies a signal input to 05-47 to thereby indicate
an illegal address contained in the P register.

Returning now to the remaining combinations available
for the three P register stages being considered, it is noted
that the combinations indicated in the third through the
seventh line of Table 1 represent that the P register con-
tains a memory address in the range of from 10XXX to
33XXX, which are valid permanent memory addresses
for instruction referencing. The translator indicates the
valid permanent memory address by a method of exclu-
sion, which means that if no illegal or variable memory
addresses are noted, then the address must be a valid
permanent meniory address. This signal is generated by
05-40 which receives inputs from two illegal address
sense gates A5-42 and A5-49, as well as the variable
memory address sense gate A5-43, Thus, if none of
these gates has supplied a negative output therefrom, the
output from 05-40 remains negative which, when in-
verted by N5-45 becomes the positive signal P=W Adr.
(?5-40 also must receive the positive signal P To V Or
W Enable from FIGURE 41 in order to insure that a
negative output continues therefrom at this time. If,
however, the P register address is illegal or if it represents
a variable memory address, then a positive signal will be
produced from 05-40 which in turn causes the negative
signal from N5-45,

As before noted, any signal from 05-47 switches at
A5-50 with a positive MP1 and a signal indicating the
presence or absence of a current jump instruction in the
instruction register. The indication of an Illegal P Ad-
dress Error is therefore made on MP1 if no jump instruc-
tion is being performed. The appearance of this signal
from AS5-50 prevents any further computation of addresses
by the program address counter, which holds the illegal
address until the P register is cleared manually (by a
signal not shown) from the computer control panel.
However, if a jump instruction is actually being performed
at this time, then the signal from FIGURE 39 is negative
which prevents its negative output from being generated
by A5-50. No indication of error is required during
execution of a jump instruction inasmuch as when the
jump is taken, the illegal address in P is lost and is never
used for a memory reference. Furthermore, in connec-
tion with the address range translator, it should be under-
stood that the positive signal P to V Or W Enable, which
is applied to A5-41 and ©5-40, is never positive if the next
instruction is to be locked out. This operation will be
clarified in subsequent discussion.

The P* register shown in FIGURE 6 is used primarily
as storage for a memory instruction address which is to
be incremented by the address counter of the PAC unit.
Furthermore, it is also employed during the execution
of a repeated instruction to store that address of the
instruction next to be performed after the execution of
the repeated instruction has been terminated. After an
address in the P register has been used to reference the
memory, the P register address is transferred to P* reg-
ister, after which it is transferred from the P* register
back into the P register via the address counter which
selectively adds either “1” or “2” thereto. In FIGURE 6,
the P* register is seen to comprise fourteen flip-flop stages
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P*00 through P#13 into which may be gated an address
from the P register via A gates 6-10 through 6-27. The
gating signal applied to the other inputs of the A gates
is derived from 06-24. During the normal sequence of
operations, a signal P To P* is derived from FIGURE
39 which transfers the P register address into P* register
at MP4 time. A transfer of P register into P* must also
occur during the execution of the Repeat instruction 40
and this is accomplished by the switching of the Com-
mand Repeat Instruction and MP7 and X6-25 which in
turn provides a significant output to 06-24. Thus, if a
negative signal is applied to either of the two inputs to
06-24, a positive signal is gencrated therefrem which
gates positive signals from the set stages of the P register
SO as to set correspondingly numbered stages of the P*
register via the indicated X gates. The P* register is
initially cleared by one of two negative signals appearing
as inputs to 06-26 whose output is inverted by N6-27
and applied to the clear input of the P* register stages.
This is performed by either a Clear P* signal from FIG-
URE 39, or an MP6 signal switching with Repeat Instruc-
tion at A6-28. These two clear times occur respectively
before the gating times indicated by the (16-24.

An output from both sides of each P* register stage
is taken directly to the address counter next to be de-
scribed. Furthermore, as previously noted, there are
times in which it is desired to gate the address in P*
directly to P register without incrementing same by 1
or 2. The cleared condition of each P* register stage,
thus indicating a binary “0” bit, is gated via a set of
X gates 6-30 through 6-43 to the clear inputs of the
correspondingly numbered P register stages in FIGURE 5.
In like fashion, the set indications of the P* register
stages, indicating binary 1, are gated via the X gates 6-50
through 6-63 to the set terminals of the corresponding
numbered P register stages. The gating time is determined
by the positive signal P* To P from FIGURE 41 which
is generated during the execution of a Repeat Instruc-
tion 40,

The address counter of the PAC unit is shown in FIG-
URE 7. This circuit adds either one or two to the
address held in P* and places the result into the P register
for use in withdrawing the next instruction from memory.
Since the least significant bit of the memory address held
in the P* register is stored by P*13, 1 or 2 is added to
the value here with appropriate carries being propagated
from P*13 to P*01. Just prior to the incrementing of
the P* register contents and its transfer to P register,
the P register stages are all cleared as previously described
so that each stage is considered to contain a binary bit
of 0 value. Thereafter, if a positive signal is enabled
from any O gates 7-10 through 7-23, such positive signals
switch at respective ones of A gates 7-24 through 7-37
with a timing signal in order to set the associated P
stages P00 through P13 to values indicative of the newly
generated address. The timing signal for conditioning &
gates 7-24 through 7-37 is generated from G7-38 due
to the presence of any one of the three signals P*4-N
To P from FIGURE 40, P*+N To P from FIGURE 39,
or a negative output from A7-104. The last timing signal
occurs at MP4 time when a Repeat instruction 40 is being
executed, while the two former signals respectively occur
during MP6 time for the normal overlap operation and
during MP15 time during execution of a skip instruction,

The setting of a P register stage by the address counter,
i.e. the placing of a 1 bit into a register stage Py, is gov-
erned by the following equation:

Pn:P!l*CIH—I_f:PFCIHLI

In the above, P, represents any one of the P stages 0
through 13, P, * represents the correspondingly numbered
P* stage, Cp,, represents a carry of 1 from the adjacent
higher numbered register stage (of lower binary order
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significance ), and C,; Tepresents a carry of 0 from said
adjacent higher numbered register stage. This equation
thus signifies that if P*, stage contains a binary 0, the
addition to this value of a carry of 1 from the adjacent
stage results in a binary 1 being placed into the corre-
spondingly numbered P, stage. Likewise, if the Py* stage
contains a binary 1, an adjacent lower order carry of 0
does not change this value, which is consequently placed
into the P, stage. The combinaticn of a 0 bit in P,* and
a 0 carry, or the combination of a P*,=1 bit and a 1
carry results in a binary O being placed into the corre-
sponding P, stage. However, inasmuch as the P register
is initially cleared at commencement of the addition proc-
ess, there is no need to provide a special Clear P, signal
from the address counter.

The above equation is mechanized as follows in the
address counter of FIGURE 7. X gates 7-39 through
7-52 each has an input thereto from the set side of a re-
spective one of the P* register stages 1 through 13. A
gates 7-53 through 7-66 likewise have an input thereto
from the clear terminal of respective one the P* stages
1 through 13. The carry value from the adjacent lower
binary order stage of the address counter (the adjacent
higher numbered stage) is provided by A gates 7-71
through 7-82 for P0-11, and by N7-97 for position 12.
The initial carry to the lowest binary order position P*13
is provided by the PAC ADD Flip-fiop 7-112 which, when
cleared, increments the P* address by 1, and when set
increments P* address by 2. In the absence of a signifi-
cant negative output from A gates 7-71 through 7-82, it
is seen that only A gates 7-39 through 7-50 will be en-
abled so as to gate through a set signal, if any, from its
associated P* stage. Thus, the absence of a negative out-
put from an A gate 7-71 through 7-82. and the conse-
quent positive output therefrom, indicates that a carry of
0 is received from the adjacent lower order stage of the
counter so that the first term of the above equation is
satisfied. A negative output from an & gate 7-39 through
7-51 is applied to the asscciated O gate 7-10 through
7.21 in order to set the correspondingly associated Py
stage. Conversely, if any one of the A gates 7-71 through
7-82 has a negative output therefrom, thereby indicating
a carry of 1 from the adjacent lower order stage, then
the associated A gate 7-39 through 7-50 will be condi-
tioned while the associated N gates 7-84 through 7-95
will enable associated X gate 7-53 through 7-64 to pass
the positive signal, if any, from the clear output terminal

of the associated P*,, stage. Thus, the latter circuits pro-

vide the logical function indicated by the second term of
the above equation in that a significant negative output
from any of the A gates 7-53 through 7-64 causes a set
pulse to be applied to the associated P, stage.

In connection with address counter stages 12 and 13, .

which respectively determine the setting of P12 and P13,
the operation is somewhat different. Assuming that PAC
ADD 7-112 is in its clear condition, X7-66 is enabled to
provide a significant negative output only if P*13 is
cleared, The output from A7-66, when applied to 07-23
sets P13 to a binary 1 condition. This follows because
the addition of 1 to a 0 bit contained in P*13 results in a
1 bit for the newly developed address placed into the P
register. P13 and TACT ADD likewise switch at A7-83
which provides an input to N7-97. Under the assumption
that P*13 is positive, it is therefore seen that a significant
negative output from A7-83 is obtained which, when in-
verted by N7-97, enables A7-51 to pass a positive P12
if such exists. A7-83 and N7-97 thereby determine the
nature of the carry generated from the lowest order stage
of the address counter due to the addition of the bit con-
tained in P*13 and the 1 introduced by FF7-112. If
P*13 contains a binary 0, then obviously no carry will
be generated. Therefore, in accordance with the first
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term of the above equation, the absence of a carry to
stage 12 results in P12 being set if P*12 contains a binary
1. Assuming, however, that P*13 holds a binary 1, then
P13 must be filled with a binary 0 and a carry generated
for entry into the 12th stage of the address counter. As
noted in FIGURE 7, a negative signal P*13 does not al-
low X7-66 10 be enabled, which thus prevents the sei-
ting of P13. Likewise, the negative signal I’*13 applied
to A7-83 does not generate a significant negative signal
therefrom so that the output from A7-83 remains high.
A positive signal from this A gate thus represents that a
carry has been generated in the lowest order stage 13 of
the counter which must be applied to stage 12 of the
counter. A positive input to N7-97 becomes negative
therefrom which in turn conditions only A7-65. Thus,
a Set P12 signal is generated from A7-36 only if P*12
contains a binary 0, inasmuch as this binary 0 plus the
carry of 1 must result in a 1 bit being placed in P12.

The counter of FIGURE 7 employs simultaneous carry
circuitry inasmuch as it is not necessary for the carry to
propagate successively through each stage of the address
counter. Instead, the carry input to each stage is simul-
taneously determined with the seting of the P* register
stages. This is accomplished by dividing the address
counter stages into groups and by examining the contents
of the P* stages associaied with each group to determine
if any has a binary 0 bit which might absorb a carry of 1
coming from the adjacent lower order stage. If such oc-
curs, then a carry of 1 will not be generated from the
highest order address counter stage in any group. 1f, how-
ever, all of the P* stages in a group contain a binary 1,
then an input carry of 1 to the lowest order stage in
that group will not be absorbed and thus appears as an
output carry of 1 to the lowest order stage of the next
higher group of address counter stages. The gating cir-
cuits for performing this comparison are A gates 7-71
through 7-82, previously described, as well as A gates
7-100 and 7-102. For example, a significant negative
output from A7-83 indicates that no carry is generated
within the stage 13. Therefore, there will be no change
in any of the bits contained in P*12 through P*0 and
these will be transferred directly to the corresponding
stages of the P register. The negative output from A7-83
thereby disables A7-81 and 7-82 so that positive outputs,
indicating a carry of 0 are obtained from each. The
positive output from A7-81 is inverted via N7-94 and
applied as a nerative input to A pates 7-71 through 7-80,
thus indicating that a positive output will be derived from
each. On the other hand, if A7-83 is not enabled due
to the fact that P*13 contains a binary 1, then the posi-
tive output therefrom will not by itself disable the last
mentioned set of AND gates. A positive output from
17-83 is applied to A7-82 to which is also connected the
set output terminal of P*12. If the latter terminal is posi-
tive, thus indicating the presence of a binary 1 in P¥12,
then X782 is unable to provide a negalive output signal
therefrom. This therefore indicates that the addition of
a carry of 1 to the binary 1 in P*12 in stage 12 of the ad-
dress counter results in carry 1 output to stage 11 of the
address counter which in turn must be added to the con-
tent of P*11.

A7-81 compares the contents of P*11 with the con-
tens of P*12 and X7-83 in order to determine whether
a carry of 1 is to be sent from stage 11 to stage 10 of the
address counter. Thus, it may be seen that if both P*11
and P*12 contain binary 1’s, the presence of a carry 1
from stage 13 to stage 12 of the address counter cannot
be absorbed within either of the stages 11 or 12 and so
must result in a carry 1 to stage 10. This operation is
indicated below, where the contents of P*11 through
P*13 are indicated as being binary 1's, and the numerals
above the arrows between the sum digits indicate the value
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of the carry generated between adjacent address counter
stages.

P*10 P*IL P*12 P13
X 1 1 1
1 PAC FF

1 1 1

0« O« O

If a negative signal appears from A7-81, thus indicat-
ing a carry input to address counter stage 10, a positive
signal appears from N7-94 which is applied to A gates
7-71 through 7-80. A7-80 likewise samples the con-
tent of P*10 in order to determine whether the addition
of a carry 1 to P*10 will result in carry 1 to stage 0 of
the address counter. Thus, if P*10 is positive, a signifi-
cant negative output from A7-80 appears. The same
two inputs to A7-80 are also applied to X7-79 which
further senses the condition of P*09. Since the two posi-
tive inputs to A7-80 indicate that a carry of 1 is to be
added to the content of P*09, A7-79 may thereby recog-
nize whether an output carry will be generated from
address counter stage 9 to address counter stage 9. In
like fashion, A stages 7-78 and 7-77 respectively sense
lower order P* stages as well as the input carry to the
group from N-94 in order to determine whether carries
will be applied to their associated address counter stages.

The set terminals of P* stages 6 through 10 are switched
at A7-100 whose ouput is inverted via N7-101 and ap-
plied to A gates 7-71 through 7-76. A7-76 also senses
the set condition of P*06 as well as the carry generated
from N7-94. Thus, if P* stages 6-10 have binary 1 bits,
and if an input carry is applied to stage 10 of the ad-
dress counter, then this input carry will not be absorbed
by any of the register stages P6 through P10 so as to
result in an input carry 1 also being applied to stage 3
of the address counter. This condition is delected by
A7-76, however, if any one of the P* stages 6-10 con-
tains a binary 0, then at least one input of A7-76 will
be negative so as to prevent enabling thereof, thus indi-
cating that there is a carry of O to stage 5 of the address
counter. Therefore, an input carry to stage 10 of the
counter, although also applied to A7-76, will be unable
to generate an output therefrom due to the fact that it
will be absorbed within the address counter stage con-
taining said binary 0.

The generation of carries for counter stages 84 is now
believed to be obvious in view of the above detailed de-
scription. A7-102 samples the values contained in P*
stages 3, 4, 5, and 6 and applies its inverted output to
A7-72. The latter A gate also senses the value of the
bits contained in P* registers 7 through 10 because it
receives the output from N7-101. Thus, A7-72 is able
to detect if all of the P* stages 2 through 10 have binary
I’s contained therein, as well as the value of the input
carry applied to stage 10 of the address counter from
A7-81. Thus, if P* stages 2 through 10 each contains
a binary 1, an input carry to stage 10 will not be absorbed
therein and so would create a carry 1 from address
counter stage 2 to address counter stage 1. A7-71 has
similar inputs in addition to an input from P#*1. There-
fore, it may be seen that the address counter in FIGURE
7 conditions the respective O gates 7-10 through 7-23
to emit their proper output signals so that each may be
simultaneously gated by a timing signal emerging from
07-38 without there being any carry delay within the
circuit,

As previously mentioned, PAC ADD FF7-112 when
cleared increments the address in the P* register by »
value of 1. When this flip-flop is set, the P* address is
incremented by a value of 2. Consequently, in view of
the well known principles of binary addition, the sum
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bit placed into the P13 stage has the same value as that
held in P*13, with a carry always being generated within
stage 13 of the counter and passing to the higher order
stages. Thus, when flip-flop 7-112 is set, A7-52 is en-
abled to supply a set signal to the P register only if P*13
is set, otherwise, if P—13 is cleared, then P13 remains
cleared. Furthermore, A7-83 must always generate a
positive signal therefrom, indicating carry of 1, inasmuch
as it receives one input frem the clear side of FF7-12
which is negative during the addition of 2. Therefore,
a carry will always be produced by the circuitry of FIG-
URIE 7 between stages 13 and the high order stages of
the counter.

As has previously been described, instructions are nor-
mally withdrawn from sequential memory addresses dur-
ing the regular operation of the system. In such case,
the address in P register is sent to the selected memory
address register V or W at the beginning of a machine
cycle, after which the P register is immediately incre-
mented by 1. Flip-flop 7-112 is thus unconditionally
cleared at MP1 and MP6 times via respective N gales
7-119 and 7-118. However, during execution of any
one of the skip instructions, it may be necessary to skip
the next sequential instruction address if the skip condi-
tion is met. Thus, provision is made for setting FF7-112
during execution of a skip instruction by means of
07-115 and N7-114, Also, the execution of the Repeat
Instruction 40 requires that flip-flop 7-112 be set. This
function is provided by A7-113 which also sets the In-
struction Time Exlension Repeat flip-flop 7-116 for use
in a manner subsequently to be discussed.

3.1. Instruction Registers and Command Translators.—
FIGURE 8 shows stages 0 through 5 of the U register
into which is inserted the 6 bit operation code of an in-
struction word. As previously noted, a 24 bit instruction
word may be obtained from either permanent memory,
or from variable memory if the system is not operated
in the guide mode. A gates 8-10 through 8-15 conse-
quently can be enabled by a signal Z To U0-23 from
FIGURE 39 at an appropriate time to sample the contents
of the Z transfer register associated with the permanent
memory. In like fashion, X gates A-16 through A-21
can be enabled by O To U0-23 from FIGURE 39 in
order to gate information into the U register from the
O transfer register associated with the variable memory.
Y0 through US may also have forced therein two dif-
ferent operation codes by circuitry later 1o be described
in detail. For example, in input-output data transfer
operation is to be executed, a negative signal appearing
from FIGURE 43 sets U00, U03 and U035 which in turn
are translated to enable the execution of the input-output
data transfer. In like fashion, when the main program
must be interrupted for one of several reasons in order
that a sub-routine may be initiated, a negative signal
appearing from FIGURE 43 sets U00, U03, and U04
such that U0 through 5 stages contain an operation code
enabling the execution of an interrupt sub-routine. Data
transfer and interrupt operations will be described in
detail at a later time. Prior to the setting of any of the
stages UO through &, they are cleared by means of a
clear U0-05 signal from FIGURE 40 via NA-22 so thal
those stages remaining clear after a subsequent set op-
eration indicate the presence of a binary 0.

The 6 bit operation code of an instruction word may
be divided into two 3 bit groups, each representing an
octal digit. Since any three binary bit group has eight
unique combinations, it is therefore seen that the maxi-
mum octal digit value is 7. Thus, an octal order may
contain a digit in the range of from 0 to 7, while two
octal order have a range from 00 to 77. U stages 0
through 2 hold the first octal digit (higher order) and
stages U3 through 5 hold the second octal digit (lower
order). Table 2 shows the instruction repertoire of the
present system.
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Table 2.—THE REPERTOIRE
Codes Name Funetion
R @ @
m @

00 | No operation _.] 1lousekeeping Conunands only.
01 | Add.._.... o AH(T) to AL
02 | Clear Add. Ty to AL
03 | Load A___. Ty to A (no parity cheek).
04 | Subtract______ ... A—(T)to A,
05 —(T) to A.
06 1 QO(T)toA.
10 if A = (T), skip NL
11 | if A = (T), skip NL
12 it A < (T), skip NI
13 | Greater or Equal Skip.__.| if A > (T), skip NL.
14 | Multiply AL (DYtoAQ.
16 | Divide.__.._. _| AQH(T) to A, remainder to Q.
16 | Square Root._. | VT to A, remainder to Q.
Wl Sore B_._ ... ... EtoT.
21 | Store F1 | FitoT,
22 | Store F2_ F2toT.
23 | Store A__ AtoT.
24 | Store Q.. | QteT,
25| Store R.__ | Rito 8 (bits 10-23).
2iboad Ro ... ... (8) to R (bits 10-23).
30 | Increment R___ T to R;

31 | Initiate F1_____
32 { Initiate F2_.._. -
33 | Load Constant_____.____..

Sto R;.

I Tto Fli (initinte ch. 11O svquence).
| T te F2 (initiate eh. 2{/0 sequence).

34 | Unconditional Jump_.____ T to P.
35 | Subroutine Jump. Tto Rj, StoP.
36 | Index Jump..

if Rj# —1,8to P} R; +110 Re.

40 | Repeat ... Initiate Repeat of NI R7 times.
41 _| if 8n = Mn, stop or skip per Mn.
42 Shift A andjor @ by k places.

43 {TYto Q.

44 ] (T) to B,

45 .| Cnto O to QO to Cn,as per n.

46 Pto R;, StoP.

In this table, columns 1 and 2 indicate the abbreviation
for the instruction code and its two octal digit represen-
tation, respectively. Column 3 gives the name of the
instruction code, while column 4 indicates the function
performed in response to the associated instruction code,
Referring to column 2, therefore, the left higher order
octal digit is thereby represented by the 3 binary bits con-
tained in UO through 2 while the right lower order octal
digit is represented by the three binary bits contained in
103 through 05.

Prior to the generation of a one or more commands
necessary for the execution of an instruction, an inter-
mediate operation is performed in FIGURE 8 which con-
verts the 6 outputs from UO through 5 into a single out-
put signal unique to the operation code. In addition to
the single output signal, several other signals may be gen-
erated which are common to others of the operation codes
in that they are commands required for the execution of
each. For example, A gates 822 through 8-26 are re-
sponsive to combinations of U0-2 in order to respectively
generate the output signals 0X, 1X-2, 2X-2, 3X-2, and
4X via respective N gates 8-27 through 8-31. As may
be seen from an examination of A8-22, inputs thereto are
supplied by the clear output terminals of U0-2 such that
a significant negative output from A8-22 appears only
when the higher order octal digit of the operation code
is 0. The letter X associated with this output signal in-
dicates that the lower order octal digit may be of any
value from 0 to 7. In similar fashion, A8-23 is respon-
sive to an output from the set terminal of U02 and the
clear terminals of U@ and Ul so that a negative output
appears therefrom only if a higher order octal digit of 1
is preset in the operation code. A similar conversion
into an octal digit representation is made upon the three
binary bits held in U3 through US by A gates A-32
through A-38, These A gates respectively generate sig-
nals X0 through X6 via N gates A-39 through A-45.
Thus, if U3 and U4 are each set to binary 1 while US is
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cleared to binary 0, A8-38 detects the coincidence of posi-
tive signals to all of its inputs to generate a significant
negative output which indicates that the lower order octal
digit of the operation code has a value of 6.

Each of A gates 8-46 through 8-69 has an input de-
rived from a respective one of the octal translators asso-
ciated with the two groups of stages U0-2 and U3-S5.
For example, A8-46 has an input from N8-31 which it-
self generates the 4X signal, with another input derived
from N8-39 generating the X0 signal. Therefore, upon
occurrence of positive signals on both of its input termi-
nals, a significant negative output is generated from X846
which indicates that Op Code 40 js contained in the Op
Code portion of the U register. Others of the above
mentioned set of output A gates also generate signals in-
dicating the presence of instructions 26, 36, 46, etc. In
addition, A gate 8-70 through 8-73 respectively generate
multiple operation code signals such as 0X, X0, 1X, U03,
etc. These code signals like the other multiple operation
code signals 2X, 3X, etc. are designed to represent com-
posite operation codes related to one another by at least
one common command. Their use will be discussed sub-
sequently when describing the command translator cir-
cuits of the U register.

Circuitry is also provided in FIGURE 8 to detect the
presence of illegal operation code signals in the U regis-
ter. As noted in Table 2, only thirty-five unique instruc-
tions are provided in the system, whereas 66 unigue com-
binations are available (00 to 77) using a two digit octal
representation. Therefore, illegal octal operation codes
are those represented in Table 3 below.

TABLE 3

Illegal Operation Codes
51, 52, 53, 54, 55, 56, 57
61, 62, 63, 64, 65, 66, 67
TX - 70, 71, 72, 73, 74, 75, 76, 77
X e 07, 17, 27, 37, 47, 57, 67, 17
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If an illegal operation code is detected in U0-5, then
the Illegal Operation Code flip-flop 8-74 is set which will
alter the operation of the program system., FF8-74 is
set by a positive signal generated from O8-75 via N8-76.
08-75 in turn is responsive to A8-79 which senses the
presence of 1 bits in all of the stages U3 to US, signifying
the presence of an octal digit 7 in the lower order of ihe
op code. Another input to O8-75 is derived from A8-77
which has one input from the set terminal of U@ which,
if set, indicates the presence of a 1 bit having the value
4 when considering the value of the higher order octal
digit. The other input to A8-77 is derived from 0G8-78
which has a positive output therefrom if either Ul or U2
is set, Thus, O8—75 determines the presence of either a
higher order octal digit of value 5, 6, or 7, or a lower
order octal digit of value 7 or both. The setting of
FF8-74 enables A8-81 and A8-82 at times MPI12 and
MP14, respectively. These signals first transfer P* to P
so that the same memory address, from which the illegal
instruction was derived, will again be referenced. The
U register stages 0-9 are cleared (via 040-19), so that
the system cannot execute the illegal operation code. In
addition, the signal Ilegal Operation Code Error is gen-
erated from N8-83.

FIGURE 9 discloses the command {translator circuits
associated with U register stages 0-5 which generate the
commands needed for execution of any particular instruc-
tion. The majority of the command signals for an instruc-
tion are present at the output of the command translator
circuit as long as the Op Code remains in the U register
stages 0-5. Others, however, are only present during the
time that a MP signal is applied to the circuit. For ex-
ample, the negative signal representing instruction 45 from
FIGURE 8 is applied via N9-53 to N9-7 and A9-10.
Instruction 45 calls for an input output data transfer as
noted in Table 2 and at time MP15, A9-10 generates a
command Set R Memory Add FF. The output from
N9-53 is also inverted by N9-11 io provide a negative
command signal indicating that the instruction is an in-
struction 46. In like fashion, instructions 22, 21 and 20
are inverted by respective N gates 9-54 through 9-56 and
gated through respective A gates 9-12 through 9-14 at
MP7 time, Thus, if the U register contains an instruction
22, the input to N9-54 is negative which applied a posi-
tive input to A9-12 and results in a significant negative
output therefrom upon occurrence of a positive MP7
pulse. The command generated from A9-12 is termed
F2 To O which causes the transfer of information from
the F2 register into the O register for storage in the vari-
able memory.

An example of an untimed signal is from from 09-21
which derives inputs from both instruction 30 and instruc-
tion 33. Therefore, the command Load Constant/Incre-
ment R from 09-21 is present for the complete time that
the instruction code is held in the U register. 09-22 is re-
sponsive to the presence of one of several instruction codes
to generate a command U4R To U* Enable which is
positive for the duration of the stored U register op code.
A9-50 is responsive to the instruction 25 signal from FIG-
URE 8, as well as to a signal A Operand Reference En-
able from FIGURE 39, to generate a significant negative
output which in turn generates a command Clear X En-
able. The signal Clear X Enable is also generated for an
instruction 43 from 09-45 and N9-46, as well as for any
of the instructions having an octal digit of value 1 in the
higher order which is represented by the input signal 1X
from FIGURE 8. Likewise, Clear X Enable command
is generated for any instruction code having a higher order
octal digit of value 0, excepling instruction 00. Thus,
referring to Table 2, it is noted that the command Clear X
enable is generated for any of the instruction codes 01
through 16, since said instruction codes utilize the X regis-
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ter in the arithmetic unit during an arithmetic operation
on data.

Other commands of interest generated in FIGURE 9
are those from 09-44, 09-42, and 09-33. From 09-44,
the command Operand Instruction allows a memory refer-
ence at the address in U*10-23 for those instructions re-
quiring a data word operand during execution. However,
execution of some instructions may not require an oper-
and in the permanent memory. 09-43 senses the class
of instructions where a W operand address is illegal and
generates such a signal via N9-43 and N9-41. 09-33
generates a signal Illegal Repeat whenever the instruction
contained in the U register is a non-repeatable instruction.
A non-repeatable instruction is one which should not fol-
low the Repeat instruction 40, 09-36 and 09-34 thereby
detect the presence of any of the following instructions
which are classed as the non-repeatable instructions: 14,
15, 16, 25, 26, 30, 31, 32, 33, 34, 35, 36, 41, 42, and 46.
Although not detected by O gates 9-34 and 9-36, the Re-
peat Instruction 40 is itself considered to be non-repeat-
able.

The generation of the remaining commands required
for execution of the instruction words is considered to be
obvious in view of the above description. It may here be
stated that operation codes are translated and commands
generated in both the U register and the U* register in
a manner subsequently to become clear in the operation
of the invention.

FIGURE 10 of the drawings shows the U register stages
10 through 23 which provide storage for 14 bits of the
instruction word that normally specify the unindexed
memory operand “S” address. Addresses can be placed
in U10-23 either manually from the computer control
panel (by means not shown) or by transmission from
the variable or permanent memory transfer registers O or
Z, respectively. U10-23 may also be set by other cir-
cuitry subsequently to be described.

As previously described, the 14 bit address portion of
an instruction word may be considered as comprising 5
octal digits specifying a word location in one of several
places within the system. The binary bits comprising each
of these five octal digits are contained in the following U
register stages. U21-23 holds the lowest order octal digit,
while U10 and U1l hold the two bits comprising the
highest order octal digit which can have a maximum value
of 3. U12-14, 15-17, and 18020 hold binary bits respec-
tively comprising the remaining three octal digits of the
address. Thus, if all of the U10-23 register stages are
cleared with the exception of U12, the memory address is
04000 which is the first location in the variable memory.

A gates 10-10 through 10-23 are conditioned by the
signal Z To U0-23 from FIGURE 39 in order to transfer
the contents of the Z register into U10-23. In like fash-
ion A gates 10-25 through 10-38 sample the contents of
the O register and gate same into U10-23 upon occurrence
of the signal O To U0-23 from FIGURE 9. The transfer
from either the Z or O registers into U10-23 occurs at the
same time that the operation code of the instruction word
is transferred to U0-5. If an interrupt Op Code 46 is
forced into the U register, then U register stages 11, 19,
and 20 may be selectively set from FIGURE 43 so as to
force one of seven different addresses into U10-23 in
accordance with the particular type of interrupt sub-rou-
tine which is to be performed. For example, if an error
interrupt is requested by the computer, then U10-23 is
cleared and only stage U1l subsequently set from FIG-
URE 43 s0 as to force the address 10000 into the address
stages of the U register. On the other hand, if a Channel
1 input-output Interrupt is requested, then stages Ull,
U19, and U20 are all set so that the address 10030 is
forced into U10-23. One other additional way to set
U10-23 is by a signal appearing from A10-62 during
MP13 time of the execution cycle of the Repeat Instruc-
tion 40 which sets all of the stages U10-23 to a binary 1
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content. The number thus held in U10-23 represents the
decimal value —1 which is used to recalculate the ad-
dress of the Repeat Instruction by subtracting 1 from the
the address held in P register. In any of the above means
whereby U register stages 1013 may be set, a Clear U10-
23 is first supplied from FIGURE 40 via N10—40.

If the octal address 03000 (indicating that the operand
is held in the Accumulator register) is placed into U10-23,
this is sensed by A10-41 which generates the signal A
Operand Address via N-42. Inasmuch as the two higher
order digits of 0 and 3 are unique to the A address, it is
only necessary for A10-41, to sample U register stages
10, 11, and 12. Thus, if U10 and U11 are both clear, the
highest order octa! digit must be equal to 0. Furthermore,
if U12 is cleared, then the second highest order octal digit
can have value no higher than 3, since the U12 stage rep-
resents a 4 value for this octal order.

The execution of a Selective Sense instruction 41 is also
controlled by the U10-23 portion of the U register. Gen-
erally speaking, this instruction enables a computer stop
or a skip of the next instruction to be selected from the
computer control panel. The U10-16 portion of the
instruction is used to select seven selective stops. For
example, assume that the instruction acquired from mem-
ory and placed into the U register has an Op Code of
octal value 41 and an address portion having a binary
1 value only in its U10 position. If a negative signal Se-
lect Stop 1 from the control panel is applied to N10-52,
the positive output therefrom is applied to 1043 which
receives as well the positive set output from U10. The
command translator circuits of FIGURE 9 generate Se-
lect Sense Instruction from U0-5 which applies a positive
signal from N10-47 to A10-43. The simultaneous occur-
rence of positive inputs causes this A gate to generate a
significant negative output signal which, when applied to
01048 and via N10-49 and 010-50, causes the signal
Select Stop to be generated. Thus, the main program of
the machine is stopped because of the match between the
control panel signed Select Stop 1 and the presence of a
binary 1in U10. On the other hand, if only U11 were set
instead of U10, no stop would be made. A similar con-
trol panel signal may be applied via one of N gates 10-53
through 10-58 in order to determine the presence, if any,
of a binary 1 bit in one of the associated register stages
U1t through U16. A gates 10-44 through 10-53 provide
the comparison means for these selective sense stop tests.

An equivalent type circuitry is used for the selective
sense skip test, with the exception that if the skip condi-

tion is satisfied, the next instruction following the selec- ¢

tive sense instruction is not executed rather than stop-
ping the machine as in the case of a selective sense stop
test. For example, one of the register stages U17-U23
of a selective sense instruction may contain a binary bit
which, if it compares against a Select Skip 1-7 generated
from the control panel, will cause a Select Skip signal to
be generated from A10-61. For example, if a Select
Skip 6 signal from the control panel is applied to one input
of A10-58 when U22 is set, then a signal is applied to
010-60 which in turn generates a positive signal to one
input of A10-61. The other input to A10-61 is supplied
from U CTC of FIGURE 9 in the form of a Select
Sense signal indicating that the operation code held in
U0-5 is 41.

The U* register stages 0-5 receive the Op Code por-
tion of the instruction held by U0-5 at MP4 time of the
machine cycle immediately following the machine cycle
in which the instruction is placed in the U register. Thus,
U#*0-5 is filled in the cycle during which the instruction
is executed, with some exception. A gates 11-10 through
11-15 sample the clear terminals of the U0-§ register
stages, while A gates 11-16 to 11-21 sample the set ter-
minals of the U0-5 stages. Therefore, there is no need
to provide a separate clear pulse to the U*0-5 stages since
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double gating between the U and U* registers is per-
formed. The operation code is also translated in the
U*0-5 stages in a manner similar to the translation occur-
ring in the U register. For example, the multiple opera-
tion signals 0%, 1X*, 2X*, 3X and 4X* are respectively
generated by a plurality of A gates 11-22 through 11-26
via N gates 11-41 through 11-45. In similar fashion, the
signals X0*, X1*, X2%, X3*%, and X4*, X5*, and X6*
are generated by a plurality of A gates 11-27 through
1-33. These signals are thereafter combined in a plu-
rality of A gates 11-46 through 11-72 in order to gen-
erate a single signal representing the instruction Op Code.

FIGURE 12 shows the command translator circuits
for U*0-5. The output signals from FIGURE 11 are uti-
lized by a series of gates in order to generate certain com-
mands necessary for the execution of an instruction con-
tained in U*. Because of the previous detailed descrip-
tion of the U register command translator circuits in FIG-
URE 9, and because certain of the commands in FIG-
URE 12 will be explained later in conjunction with the
operation of the invention, no detailed explanation is given
of the development of the commands from the signals
supplied from the U* register stages 0-5. However, it
should be noted that the commands developed in FIG-
URE 12 are for the most part different from the com-
mands developed in FIGURE 9, or the same command
in both figures may be generated at different times. Fur-
thermore, between MP4 and MP9 times of the execution
cycle, both U0-5 and U*0-5 contain the Op Code of the
instruction being executed. Thus, the provision of two in-
dividual command translator circuits allows the develop-
ment of commands peculiar to the acquisition or execution
cycle of an instruction, as well as commands which may be
necessary in both cycles.

The U*10-23 register stages shown in FIGURE 13
provide 14 bit storage for both the “T™ modified memory
address portion of an instruction word if indexing occurs,
or the original “S” address portion if there is no indexing.
Addresses can be placed in U*10-23 by unconditionally
gating from U10-23 at MP13 time (the “S” address), or
from the U* carry tree of FIGURE 19 which is em-
ployed to add the address in U10-23 register to a 14
bit number in R register and place the sum into U*10-23
(the “T” address). U*16 and U*11 hold the binary bits
associated with the highest order octal digit of the address
portion while U*21, U*22, and U*23 contain the binary
bits associated with the lowest order octal digit. The re-
maining U* stages 12 through 20 are divided into three
groups of 3 bits each which respectively hold the three
remaining octal digits of the address.

Prior to entry of information into U*10-23, these stages
are cleared at MP12 time via N13-10. Subsequently, A
gates 13-11 through 13-34 are enabled at MP13 time in
order to transfer the address from U10-23 into U*10-23.
This address may or may not be subsequently replaced
by the modified “T” address during the next following
machine cycle, but in any event, the referencing of
memory for an operand data word is performed by us-
ing the address contained in U*10-23.

As previously noted, many instructions require the *“S”
address portion of the instruction in U register be indexed
by a number contained in the R memory, with the result
being placed into U*10-23 for use in a memory refer-
ence operation. This indexing is generally performed
by withdrawing a modifying address from the R memory
in a manner subsequently to be described and placing
same in the 14 bit R register stages 0-13. Thereafter,
at MPO time of the execution cycle of the instruction,
which occurs following the acquisition cycle, the address
held in U10-23 is added to the address in R0-13 and this
sum is placed into U*10-23. FIGURE 13 shows a
portion of the circuitry required to accomplish this addi-
tion, with FIGURE 19 showing the remaining addition
circuitry. Only FIGURE 13 will now be described. For



3,260,997

35

example, & gates 13-25 through 13-28 are used to place
a 0 sum bit into their corresponding U* register stages
10-23 in the event that there is no carry of 1 from the
adjacent lower order stage addition. Conversely, A gates
13-39 through 13-52 are employed to place a binary 1
sum bit into their associated U* stages 10-23 in the event
that there is no carry 1 from the next lower order stage
addition. Each of the X gates 13-53 through 13-66
samples two output signals from the U* CARRY TREE
of FIGURE 19 indicating the equality or inequality of
the binary bits held in the U and R register stages of
corresponding binary order. For example, A13-66 has
an input U235+TX13 as well as an input U23-<R13 both
generated from FIGURE 19. The bit held in stage R13
(the lowest binary order position of the 14 bit modifying
number) has the same binary order significance as the bit
held in U23, inasmuch as the R register need only provide
14 bit storage for an address. Both of these input signals
to A13-66 are positive in the event that the binary bit held
in U23 differs in value from the binary bit in R13. For
example, if U23 contains a binary 1 while R13 contains
a binary 0, then both signals U23-<R13 and U23-<R13
will be positive. On the other hand, if both U23 and R13
contain a 0 bit, then the signal T23-«R13 will be negative.
Likewise, if U23 and R13 both contain a binary 1 bit,
then the signal U23-<R13 will be negative. In similar
manner, each of the A gates 13-53 to 13-65 are respon-
sive to similar signals which indicates the equality or
non-equality of the binary order bits held in correspond-
ing U and R register stages. The output from A gates
13-53 through 13-66 are applied directly to A gates 13-25
through 13-38, and are inverted via respective N gates
13-67 through 13-80 for application to X gates 13-39
through 13-52.

The U* Add Tree of FIGURE 19 also generates a
carry signal for each of the U¥* register stages 10-22.
This carry signal indicates whether or not the summation
of bits in the adjacent lower binary order will result in
a carry of 1 to the next order. These carry signals are
applied and inverted via N gates 13-81 through 13-109
to A gates 13-25 through 13-38 and A gates 13-39
through 13-52. If no carry of 0 is generated to the next
higher order, then the signal appearing on its associated
conductor from FIGURE 19 is negative such that the
positive output from the associated one of N gates 13-81
through 13-109 will be positive. This conditions the asso-
ciated & gates to respond only to the status of correspond-
ing U and R bits from A gates 13-53 through 13-66.
However, if a carry 1 is present, then the signal is positive
and conditions a first set of A gates 13—-110 to 13-122
and a second set of A gates 13—124 through 13-137, which
respectively set or clear the U* stages 10-23. A positive
signal appearing on a carry lead from FIGURE 19 also
provides a negative output from its associated one of
N gates 13-81 through 13-109 thus disabling A gates
13-25 through 13-38 and 13-39 through 13-51. How-
ever, for indexing to occur, all of the above four groups
of A gates must be conditioned by U+R to U* Enable
from FIGURE 9 which is applied via N13-94 and A13-95
at MPO.

Table 4 illustrates a typical operation wherein the ad-
dress in U10-23 is added to the number in R and **e

result placed in U*,
TABLE 4
Stage -..127 13 Mo 21 22 23
U 0 1lo.._1 |6l
R 0 1121100
Carry 1 1 1 ] 0 0
L U 1 1] o0_.—0]o]1
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Initially assuming that U23 contains a binary 1 while
R13 contains a binary 0, A13-66 is enabled by two posi-
tive inputs to develop a significant negative output which,
when inverted by N13-80, allows A13-52 to generate
a set U*23 signal at MPO time. The negative signal from
A13-66 disables A13-38 from providing a clear signal
to U*23 at this time. No carry to the next higher order
position will be developed by this addition. Next assum-
ing that U22 contains a binary 0 while R12 contains a
binary 0, the signal T22+R12 is negative such that A13-65
continues to provide a positive output therefrom to both
A gates 13-37 and A13-122. Furthermore, the signal
Carry To U*22 from FIGURE 19 will also be negative
such that a positive signal is applied via N13-93 to A
gates 13-37 and 13-51. However, at gating time MPO,
only '\ gate 13-37 has all of its inputs positive such that
only it generates a significant negalive output to clear
U*22 and thus place binary O therein. No carry from
this addition will be developed. In similar fashion, as-
suming that U21 contains a binary 1 while R11 contains
a binary 1, the signal U2154R11 is negative such that
A13-64 is not enabled and thus continues to supply a
positive signal to A13-36. The signal Carry To U*21
is also negative which thereby ailows only A13-36 to be
enabled at the gating time to clear U*21 and thus set a
binary O sum bit therein. A carry 1 results from this
addition of two binary 1 bits and must be applied to the
next higher order position of the adder which, although
not specifically shown in FIGURE 13, has circuitry like
that shown for stages 21 through 23, with the exception
that it derives inputs related to the binary bits in U20
and R10. Next assuming that Ul4 contains a binary 0
while R4 contains a binary 1, and further assuming that
the addition of the binary bits contained in U15 and R5
resulls in a carry 1, both input signals to A13-37 are
positive because of the non-equality of the binary bits in
the corresponding U and R stages. Therefore, A13-57
supplies a negative output to disable A gates 13-39 and
A13-114. At the same time a positive signal via N13-71
is applied to A13-128 and X13-43. The signal Carry
To U#14 is also positive and applied to A13-128 and
X13-114. At MPO time, only 13128 has all inputs posi-
tive so that it provides a negative clear signal to the
U*14 stage, thereby entering binary 0 therein. Now
assuming that both U13 and R3 contain binary 1’s, to-
gether with an input carry 1 from the adjacent lower order
addition, it is seen that the signal U13-4R3 is negative so
that A13-56 provides a positive signal to A gates 13-28
and 13-113. In addition, the signal Carry To U*13 is
positive which also causes A13-113 to be enabled at gating
time to set a binary 1 into U*13.

The operation of addition in the remaining U* stages
is believed to be obvious in view of the description given
above. Further clarification of the operation will be given
during the subsequent explanation of the U* ADD TREE
of FIGURE 19.

Also shown in connection with U*10, 11, and 12 are
additional logic circuits for generating signals used in the
memory access control circuits of FIGURE 39. X gates
13-144 and 13-145 are enabled by the same signals which
enable A gates 13-25 and 13-26, respectively, except for
the conditioning signal applied via N13-150. & 13-146
and 13-147 are likewise enabled by the same signals
which respectively enable A13-124 and A13-125. The
outputs from A13-144 and 13-146 applied to 013-138
which in turn is also supplied with an input from X13-141.
Likewise, outputs from A13-145 and A13-147 are applied
to 013-139 which in turn has also input from A13-142.
As seen in FIGURE 13, the presence of the negative sig-
nal U4+R To U* Enable conditions X gates 13-144
through 13-147 to generate signals indicative of the two
highest order binary bits of the sum of R and U registers,
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However, these signals from 013-138 and 013139 appear
by MPI3 time of the cycle as soon as R register is filled
with the index number and so are generated prior to the
actual placement of the sum into U*10-23 at MPO time.
Where indexing is not permitted, the signal U+R To U*
Enable is positive, which allows A13-141 and A14-142
to respectively sample the contents of U*10 and U*11.
These stages will not be subsequently changed at MPO
time.

A gates 13-149 and 13-148 are associated with U*12
in order to generate an early signal indicating the con-
dition of U*12 subsequent to the indexing operation.
The outputs of these A gates are directed to 013-140,
which in turn is also supplied with an input from A13-143
which samples the condition of U*12 in the event that
no indexing is permitted. Therefore, these additional
gates associated with U*12 perform essentially the same
function as the above described additional gates associ-
ated with U*10 and U*11,

FIGURE 14 shows U register stages 6—9 and U* stages
6-9 of the instruction register, These stages provide 4
bit storage for the R memory reference address designa-
tor “j” comprising a portion of the instruction word.

U6-9 are filled with binary bits at the same time that the

other stages of the U register arc filled. For example,
X gates 14-10 through 14-12 are enabled by the signal
7 To U0-23 from FIGURE 39 to transfer the contents
of the permanent memory Z register stages 6-9 into
U6-9. 1In like fashion, & gates 14-14 through 14-17 are
provided to gate the contents of the variable memory 0
register into U register upon occurrence of the signal
O To U0-23 from FIGURE 39. A 4 bit number may
also be forced into U6—9 during the execution of an Input
Qutput Data Transfer instruction or an interrupt instruc-
tion in a manner similar to the forced setting of other
stages of the U register previously described. For exam-
ple, during execution of an Input-Output Data Transfer
For Channel 1, a binary number 1000 (decimal value 8)
is set into U6-9 in order to reference R memory address
location 8. This is performed by a negative signal Set
U06 applied to U6 which places a binary 1 therein, with
the stages 7, 8, and 9 remaining clear. During an Input
Output Channel 2 operation, the decimal vaiue 10 is
forced into U6-9 by setting only U6 and U8 (1010},
FIGURE 43. During execution of an Interrupt instruc-
tion, the decimal value 15 (1111) is forced into U6-9
for an Error Interrupt, while the decimal value 14 (1110)
is forced into U6-9 for all other interrupts. The value
15 is stored by setting all of the stages U6-U9, while the
value 14 is stored by setting only stages U6, U7, and U8,

There is provision made for gating the contents of
U6-9 into the corresponding stages U#609 under certain
conditions. Thus, A gates 14-20 through 14-23 are pro-

vided to sample the clear output terminals of U6-9 upon !

occurrence of a positive gating signal generated from
014-28. In like fashion, X gates 1424 through 14-27
sample the set output terminals of U6-9 at the same gat-
ing time. Thus, a particular clear or set condition of a
U register stage is double gated into the corresponding
U* register stage. The conditions under which this trans-
fer from U to U* may be determined by examination of
the inputs to 014-28. One such input is derived from
X14-29 which in turn is enabled at MP12 time of a ma-
chine cycle. To provide a significant negative output
from A14-29, it is also necessary to provide positive in-
puts via N14-30 and N14-31, which in turn require nega-
tive inputs of the respective signals Arithmetic Lock-out
and No First R Memory Reference. If an arithmetic
lockout has occurred, or if it is not required to perform
an index operation upon the address contained in the
U10-23 then one of these signals is positive and thus pre-
vents the transfer from U6-9 to U#6-9. An exception
to this, however, occurs if the instruction Op Code in
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U0-5 requires a Load R/Store R function such that
X14-32 is enabled at MP4 time in order to provide a sig-
nificant negative input to 014-28.

1f U#6-9 stages have been set by an R; address, it may
be necessary at times to clear these stages of their infor-
mation to prevent the referencing of R memory. These
clear signals are provided from 014-36 via N14-37 to
the clear input terminals of U*6-9. The conditions under
which a clear signal is generated from 014-36 may be
noted by examining A14-38, A14-39, and A14-40. Thus,
assuming that an Arithmetic Lockout or a No First R
Memory Reference condition is present, significant nega-
tive outputs will be provided from respective A gates
14-38 or 14-39 to 014-36. Furthermore, U*6-9 is un-
conditionally cleared from A14-40 at MP4 time of a cycle
unless the instruction executed is either a Load R/Store
R, or if the system is operating in the repeat mode where-
in the instruction contained in the instruction register is
being repeated a number of times according to a value
held in a specific R memory location. Also, the enabling
of X14-40 is further conditional upon the absence of an
input-output data transfer operation. When the system
is operating in its repeat mode A14--33 is instead enabled
at MP4 time of each cycle to force a decimal 7 into
U*6-9 by setting stages 7 through 9 and clearing stage 6.
This R memory location is that holding the value speci-
fying the number of times that the instruction contained
in the instruction register is to be repeated. During an
input-output data transfer operation, wherein a word is
transferred either to or from the variable memory,
X14-34 is enabled at MP4 time to set U*9 and thus
change the value previously set into U*6-9 from the
U6-9 stages. The setting of U*9 thus adds a value of 1
to the previous value, so that the resulting value in U*6-9
refers to an R memory location wherein is located a vari-
able memory address containing the last data word of a
group to be transferred in the input-output operation,

3.2. R Memory

The 4 bit address placed into U*6-9 is used to reference
a particular address location in the R memory for pur-
poses of withdrawing a 14 bit number therefrom and
placing same in the R register. Translation circuits are
provided in FIGURE 14 and FIGURE 15 for converting
the 4 bit binary number contained in U*6-9 into its deci-
mal equivalent which is thereafter used by the R memory
addressing circuits. For example, A gates 14-43 through
14—-46 examine the contents of U*6 and U*7 to generate
a group of signals at both MP5 and MP13 time which are
used in the translator circuits of FIGURE 15. In similar
fashion, A gates 14-51 through 14-54 examine the same
stages U*6 and U*7 to generate a similar group of signals
both at MP2 and MP10 times. The signals generated by
each of these two sets of A gates have corresponding
logical significance except that they are generated at dif-
ferent times during the machine cycle. A pgates 14-59
through 14—62 examine the contents of U*8 and U*9,
but there is no gating signal required for outputs to be
generated therefrom. In addition, the clear condition of
U*8 results in a signal Transfer C1 Enable, while the set
condition of U*8 creates a signal Transfer C2 Enable.
These signals are subsequently described in connection
with the input-output operation,

FIGURE 15 shows the remaining translation circuits
for U*6-9. Here the signals developed in FIGURE 14
are further combined in order to develop a single read
signal and a single write signal, at different times, for
referencing a particular one of the fifteen address loca-
tions of the R memory. For example, if U* stages 6, 7,
and 8 have binary O bits stored therein, while the U*9
has a binary 1 bit, the decimal equivalent of this 4 bit
address is equal to 1. In this event, the signal U*06,
T%07-1 is positive and applied to A15-10. Furthermore,
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the signal U#08, U*09 is positive which is also applied to
A15-10. Since the T*06, U071 signal is generated at
times 5 and 13 during the machine cycle, it is seen that a
significant output from A15-10 is also generated at this
time, which is used to energize the read driver 1 of the
R memory so as to reference address location 1 therein
and withdraw the 14 bit number to be placed in the R
register. Since the R memory in the present embodiment
is comprised of magnetic cores, this read-out is destruc-
tive. Therefore, a write operation follows the read opera-
tion to store the 14 bit number back into the address loca-
tion 1 so that it will be available if future referencing of
this location takes place. Also, new information may be
written into the R Memory if desired. The write func-
tion is performed in the present system by A15-11 which
is respomsive to the signal U*08, U*09 as well as to the
signal U*06, U*07-2 occurring at MP times 2 and 10
immediately following the respective read times of 5 and 13.

The output from A15-11 is applied to energize the word :

write driver 1.

The selection of other address locations in the R
memory is therefore believed to be evident in view of the
preceding discussion.

FIGURE 16 of the drawings discloses details of the R
register into which a 14 bit binary number is placed from
the R memory when referenced. In addition, gating
means 16—10 through 16-23 are provided to gate the con-
tents of the P register into R under certain conditions.
This latter function is performed by 016-24 which in turn
has two inputs either of which causes the signal P To R to
be generated. One of these inputs is derived from A16—
25 which is at MPQ time and further requires a positive
input from 016-26. The latter O gate provides a sig-
nificant positive output if either Interrupt Instruction or
a Sub-routine Jump instruction is being performed, since
for each it is necessary to store the address of the next
instruction of the main program to be acquired from
memory upon termination of the sub-routine. An input
to 016-24 is also provided from X16-29 which in turn
generates a significant negative output only at MP13 time
of the Repeat Instruction 40 execution.

Prior to entry of information into R stages 0-13 is
cleared by an output signal from 016-30 via N16-31.
R register is unconditionally cleared at MP4 and MP12
times via respjective N gates 16-32 and 16-33. Also,
A16-34 and 16-35 provide clear signals for a Sub-routine
Jump Instruction or an Interrupt Instruction in prepara-
tion for transfer of the P register into R register. How-
ever, in connection with A16-34, no clear signal for the
R register is generated if the sub-routine jump instruction
is to be skipped.

Prior to the transfer of information from R memory lo-
cation to the R register, the Ry To R flip-flop 16-36 must
be set to enable transmission of the R memory sense am-
plifiers to the set ferminals of the respective R register
stages 0-13. The setting of flip-flop 16-36 is uncondi-
tional at MP5 time and also at MP13 time if a repeat
instruction is not being executed, in which case A16-38
will be disabled.

During execution of a repeated instruction, it is neces-
sary to determine when the 14 bit value held in the R
register is equal to —1. In the binary fractional arith-
metic employed in the present system, this value is indi-
cated by the presence of 1 bits in all of the R stages 0-13.
The circuitry provided in FIGURE 16 to detect this condi-
tion of the R register comprises A gates 16-42 through
16-48. For example, A16-42 is responsive to 1 bits
contained in all of the stages R0-3 to generate a signif-
icant megative output therefrom which, when inverted
via N16-43 is applied to A16-44. Likewise, A16-45
generates a significant negative output in response to 1
bits contained in all of the register stages R4-8, while
A16-47 responds to 1 bits in register stages R9 through
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R13. The concurrence of outputs from A16-42, 16-45,
and 16-47 is detected by A16—44 which generates an out-
put indicating that R=—1.

FIGURE 17 of the drawings shows details of the R
memory counter which enables the contents held in the R
register to be selectively incremented by the value 1
during certain operations of the program system. The
R memory counter accepts inputs from the R register, and
the output therefrom is either the original R register con-
tents unmodified, or the R register contents incremented
by 1. The output from the R memory counter is trans-
ferred via the OR gates to the R memory at the selected
address location therein. If the R Memory Add flip-flop
17-52 is in its clear condition, then the number contained
in the R register is transferred through the R memory
counter unchanged, However, if the R Memory flip-flop
17-52 is set, then 1 is added to the lowest binary order
bit of the R register, which is that residing in R13. Flip-
flop 17-52 is unconditionally cleared from FIGURE 18
at MP4 and MP12 time. During an Input Output Data
Transfer operation, however, it is set from FIGURE 9
in order to enable the system to determine how many
words are to be transferred between the computer and
its peripheral equipment. The flip-flop is also set during
the execution of a repeated instruction.

As before indicated, either the original or incremented
R number appears from O gates 17-10 through 17-23 and
is applied to the OR gates next to be described. These O
gates 17-10 through 17-23 in turn receive respective in-
puts from a set of A gates 17-24 through 17-37 and from
another set of X gates 17-38 through 17-51. A gates 17—
24 through 17-37 have respective inputs from the clear
output terminals of R register stages 0-13, while A gates
17-38 through 17-51 have respective inputs from the set
terminals of these R register stages. The other inputs to
A gates in these respective two sets are supplied from a
set of O gates 17-54 through 17-66 both directly and via
a set of N gates 17-68 through 17-81. Thus, a positive
output from a respective one of the O gates 17-54 through
17-66 enables the corresponding A gate in the set 17-38
through 17--51, and so a positive output from a respective
cne of O gates 17-10 through 17-23 requires the pres-
ence of a binary 1 in the associated one of R stages 0-13.
Conversely, the presence of a negative output from the
O gates 17-54 through 17-66 causes the sct of A gates
17-24 through 17-37 1o be responsive to the clear termi-
nal of the associated R register stage. Thus, O gates 17—
54 through 17-66 determine the value of the carry sup-
plied to the next higher order counter stage. If a carry
1 is supplied to a particular binary order of the counter,
then the value of the output bit transmitted to the O gate
is the inverse of the bit residing in the corresponding R
register stage. Conversely, if a carry 0 is transmitted to
the counter stage, then the output bit has the same value
as that residing in the corresponding R register stage.

The determination of the carry to each of the counter
stages is accomplished in the following manner. Assum-
ing that R Memory Add flip-flop 17-52 is initially cleared,
a positive output is supplied to A17-51 while a negative
output via N17-81 is directed to A17-57. Thus, counter
stage 13, which is responsive to the lowest order binary
bit in R stage 13, transmits a significant signal from 017~
23 only if the R stage contains a 1 bit. If the R stage 13
contains a 0 bit, then no output is-derived from 017-23
thus indicating a binary 0 value which is the same as that
held in R13. Since FF17-52 is in its clear position, the
output from its set terminal is negative so as to maintain
O gates 17-64, 17-65 and 17-66 in a condition whereby
each generates a positive signal regardless of the value
of the other inputs applied thereto. Therefore, the out-
put bits appearing from the corresponding O gates 17-20
through 17-22 correspond to the value of the bits re-
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siding in R16 through R12. If O gate 17-64 has such a
positive output, this is inverted by N17-67 and a negative
signal applied to all of the remaining O gates 17-54
through 17-63. Thus positive signals are generated by
each of these O gates which results in the transfer of the
original bits in R stages 0-9 to the output of the R mem-
ory counter.

When FF17-52 is set, 1 will be added to the bit con-
tained in R13 and carries generated as required to the
remaining higher order stages of the counter. The clear
output terminal from FF17-52 is now negative which thus
disables A17-51 and enables A17-37 via N17-81. The
value of the output bit appearing from 017-23 will now
be the inverse of the bit appearing in R13 since, if the
latter contains a binary 0, signal R13 is positive and thus
generates a significant negative output from A17-37 which
in turn energizes 017-23. If, however, R13 contains a
binary 1, the positive value of the signal from R13 set
terminal cannot pass through A17-51 so that a negative
signal is obtained from D17-23. A positive signal from
the set output of FF17-52 is also applied to O gates 17—
66. The presence of a significant output from any of
these gates depends upon the value of the bits residing in
the R register stages. Thus, O gate 17-66 is responsive
to a positive signal from R13 if such contains a 1 bit, so
as to generate a significant negative output which in turn
disables X17-50 in order that the output from 017-22
will be the inverse of the bit residing in R12. This is cor-
rect, inasmuch as the addition of 1 to a 1 bit contained
in R13 results in a carry of 1 which is added to the bit
in R12 and changes its binary value. 017-65 in turn is
responsive both to the positive output from FF17-52 as
well as to the bits contained in R13 and R12. Therefore,
the function of 017-65 is to determine if a carry 1 trans-
mitted to counter stage 12 will be absorbed therein by
virtue of a 0 bit being contained in R12. If not, then a
carry 1 will be generated from counter stage 12 to counter
stage 11 which will, when added to the bit in R11, change
its value. The operation of 0O17-64 is similar in that it
determines whether or not a carry 1 applied to counter
stage 12 will be absorbed by the presence of the 0 bit in
either R11 or R12, and if not, disables A17-28 to provide
an output from 017-20 which is opposite to the value of
the bit residing in R.

The remaining O gates 17-54 through 17-63 operate
in similar fashion in that each determines whether a carry
1 introduced into the first stage of a group of counter
stages will be absorbed by viriue of there being a 0 in
at least one of said group of stages. This operation is
analogous to the operation of the address counter for the
P register and consequently will not be described in fur-
ther detail,

FIGURE 18 shows the OR gates used to accept infor-
mation from various units and store same within a loca-
tion of R memory as determined by the address contained
in U*6-9. As mentioned before, the OR gates can ac-
cept information from the R register via the R address
counter for storage within the R memory. This is ac-
complished by a set of A gates 18-38 through 18-51
which respectively sample the output of the R address
counter stages R;-Counter 0 through Ry-Counter i3. A
set of O gates 18—10 through 18-23 receives information
from the above identified A gates and transmits same via
a set of respective A gates 18-24 through 18-37 to the
write circuitry of the R memory. However, in order to
enable & gate 18-38 through 18-51, the R To OR Gates
flip-flop 18-93 must be set. This function is performed
for four different conditions, which are as follows. In
the event that neither a Load Constant or Increment R in-
struction is being performed, or if the system is not in its
repeat mode, then a set signal is supplied from A18-94 at
MP1 time. This is the operation normally occurring dur-
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ing execution of instructions. If, however, the system is
operating in its repeat mode, then the setting of flip-flop
18-93 at MP1 time is inhibited and instead a set signal
is applied from A18-95 at MP9 time, the purpose of
which will subsequently be described. Likewise, a set
signal from A18-96 is received at MP9 time if the in-
struction to be executed is either a Store R or an Input
Qutput Data Transfer. Flip-flop 18-93 is unconditionally
cleared at MP4 and MP12 times via 018-107.

In addition to information from the R register, the
R memory may be loaded from any of three other
sources. These sources are U*10-23, the O register, and
the X register found in the arithmetic section of the com-
puter. For example, in the instruction Load R wherein
a source other than the arithmetic unit is used to supply
the data word, an output is received from A18-100 which
sets flip-flop 18-99 and thus enables a set of A gates 18-52
through 18-65 to transfer information from the O register
into the R memory at a particular address location. If,
however, the Load R instruction requires information from
the arithmetic unit to be stored within the reference
memory, then an output signal is generated from A18-103
which sets flip-fiop 18-102 and thus enables a set of A
pates 18-66 through 18-78 to transfer a fourteen bit
number from the X register. In similar fashion, an in-
struction may be contained in the U* register whose ad-
dress portion 10-23 contains a constant which must be
loaded into the reference memory. In such case, the Op
Code of this instruction enables A18-106 at MP1 time
to set flip-flop 18-104 to enable a set of A gates 18-79
through 18-92 to pass the 14 bit address portion from
U#*-23 into the reference memory.

Having now discussed the U* register and the R reg-
ister, the description of the U* carry tree in FIGURE 19
will be given. The signals UT0=+1R00, UIl<R01, etc.,
are generated from a set of O gates 19-10 through 19-23.
As before indicated, these signals represent the condition
that binary 0 does not reside in both of the corresponding
order R and U stages. For example, if both signals to
019-10 are positive, thus indicating that binary 0 resides
in both the RO and U10 stages, then the output from
019-10 is negative and indicates that the indicated non-
equality is absent. However, if either one or both of
the R and U stages contains a binary 1, then one or both
of the input signals to 019-10 is negative, thus generat-
ing a positive signal therefrom. The signals U105<R0,
U11-4R01, etc. are generated by a set of A gates 19-24
through 19-37 respectively. As previous indicated, a
positive signal from any one of these gates indicates that
the indicated non-equality exists. For example, if one or
both of the corresponding U and R stages contains a
binary 0, then one or both input signals to A19-24 is
negative, thus resulting in a positive output therefrom.
If however, both U10 and R00 contain a binary 1, then
both signals to A19-24 are positive which results in a
negative output signal therefrom thus indicating that the
indicated non-equality is absent.

The formation of the carry signal to each of the U*
stages is somewhat more complicated. For example,
the positive signal carry to U*22 is generated whenever
a binary 1 bit exists in both U23 and R13, with this con-
dition being sensed by A19-37 which thereby generates
a significant negative output which in turn is inverted by
N19-50. If this stage of the U* carry tree is denoted
by numeral 13, then it may be said that Cy3, where this
value is equal to 1, is equal to Ri3-Upy expressed in
Boolean algebra notation. Thus, if U23 and R13 each
contains a binary 1, then an output carry of value 1 is
generated from stage 13 of the U* carry tree and is propa-
gated to the input of U*22. A carry generated because
of Ry3-Us,; can, for purposes of this discussion, be con-
sidered as a type Cl. In FIGURE 19, this carry will be

generated by A19-37 which senses the absence of the
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non-equality U23-4R13. A generalized form of this first
type of carry C,! may be given as R, U,.

Upon addition of the binary bits contained in U22 and
R12, a carry output therefrom may be generated in one
of two different ways. The first type of carry C1 is that
generated when both of the binary bits added together
in this order are binary 1's. In FIGURE 19, this C!
type of carry is generated by X19-36 whose output is
supplied to 019-49 for application to U*21. A second
kind of carry 1 which may be generated is that resulting
if either one of these binary bits is 1 and the incoming
carry from the adjacent lower order (higher numbered
stage) is a carry 1. Thus, in FIGURE 19, the incoming
carry signal from the adjacent lower order stage of the
U#* carry tree is that appearing from N19-50 which is
applied to A19-62. In addition, U19-22 detects the pres-
ence of a binary 1 bit in at least one of the U22 or R12
Tegister stages so as to produce a positive output there-
from which is also applied to A19-62. The output carry
from X19-62 is applicd to 019-49 which again directs
the carry to U*21. Thus, A19-62 generates a carry of
type Cy? which may be calculated by (Ry+Uy)Chiql,
where Cp ! is the first kind of carry generated in the
adjacent lower order stage having, in the case of the U*
carry tree, a numerical designation one higher than the
stage under consideration. In turn, the carry Cy q! is
generated due to the presence of binary bits in both Ry
and Un+1 such that Cn,Hl:Rn+1‘Un+1.

When adding together the binary bits found in U21
and R11, three different types of carries Ci1, Cy,2, or
C,;® may be generated within this stage, each of which
is transmitted to U*20. For example, a C! type of carry
may be generated due to the presence of binary bifs in
both R11 and U21 as detected by A19-35 whose output
is directed to 019-48. A C2 type carry is generated due
to the presence of a binary 1 in either U21 or R11 cou-
pled with a carry 1 from the next adjacent lower order
stage of the U* carry tree, which is that stage dealing
with the addition of U22 and R12. Inasmuch as stage
12 of the U* carry tree generates a carry either of the
C! type or the C2 type, then either can be used to add
to the binary 1 bit in stage 12 to thereby generate a carry
to stage 20. For example, U19-21 detects the presence
of a binary 1 bit in either U21 or R11 and this output is
directed to A19-61 which in turn has an input thereto
from A19-36 via N19-79. Since the output of XA19-36
indicates that a carry of the type C! is generated within
stage 12 of the U* carry tree, it is seen that A19-61 gen-
erates a carry of the type C2, because

Ci?=(Ry;+Uz)Cr2!

The output of 0U19-21 is also directed to A19-70 which
has further inputs thereto from 019-22 and N19-50.
Thus, A19-70 provides an output according to the equa-
tion Cj3=(Ry14+Usz ) (Rp+Uzr)Ryz-Uss. However, it
may be noted that the value (Rjp+Ugy)R;3-Uyy actu-
ally equals C32. Therefore, it is seen that stage 11 of the
U* carry tree generates carries of value 1 formulated
in one of three different ways and designated Cyyl, C42,
and C;,3, all of which are transmitted by 019-48 to the
U*20 stage. Obviously, one or more significant inputs
may be present to 01948 during a particular add time,
however, only one of these inputs is necessary in order
to generate and transmit a carry to the next adjacent high
order stage of the U* register.

In stage 10 of the U#* carry tree, which is that stage
dealing with the addition of the binary bits contained in
U20 and R10, four different types of carries Cygl, Cyp2,
or Cy* may be generated therein for transmission to the
U*9 register stage. For example, a carry of the C! type
may be generated from A19-34 which detects the pres-
ence of R10-U20. A carry of the C2 type is generated
from A19-60 by detection of the presence of a binary 1
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in either one of the U20 and R10 stages, coupled with
detection of a carry Cyy! from stage 11 of the U* carry
tree. Since Cyy! is generated whenever a binary bit 1
exists in both R11 and U21, the outputs form these two
register stages may be applied to A19-60 so as to com-
plete the necessary inputs for generation of the Cy2 type
of carry. A Cy¢® type of carry is generated by A19-69
which again receives an output from 019-20 as well as
outputs from 019-21 R12, and U22. Since 019-21 de-
tects the logical function R114U21, it may be seen that
A19-69 is a C? type of carry generated by the equation
(R10-4-U20)Cy2. A fourth type of carry Cigt is gen-
erated within carry tree stage 10 by detecting the presence
of a 1 bit in either R10 or U20 plus the input of a Cy;3
type carry from the carry tree stage 11. Thus, A19-75
is responsive to 019-20 together with other inputs which
are logically combined according to the following equa-
tion.

Cit=(R104U20) (R11+U21) (R124+-U22)(R13-U23)

In this equation, the second term is applied by 019-21,
the third term by 019-22, and the fourth term by R13
and U23. As will be evidenced by an examination of
this equation, the last three terms actually equal the equa-
tion for the Cy;® carry, Thus, when the adjacent lower
order stage generates three different kinds of output
carries, then one of four different types of carries with
value 1 may be generated by the stage in question,

To recapitulate the above, Table 5 shows the formation
of each of the four different kinds of carries C,!, C,2,
C,% and C,* which may be applied to the next higher
order stage.

Cpl=R, U,
Cpl= (Ry+Uy) (Rn+1 'Un+1) = (Rn+Un)C‘h+11
Cn3: (Rn+Un) (Rn+1+Un+1) (Rn+2'Un+2)

=(Rn+Un)Cn+12
Cn4: (Rn+Un) (Rn+l+Un+I) (Rn+2
+Un+2) (Rn-f—3'Un+3)= (Rn+Un)cn+13

These equations may be utilized in understanding the
carry formation within the remaining U* carry tree stages
of FIGURE 19. For example, A gates 19-25 19-37 pro-
vide carries of the type Cq!. A gates 19-51 through 19-62
provide carries of the type C,%. A gates 19-63 through
16-70 provide carries of the type Cy3. A gates 19-71
through 19-75 provide carries of the type C 4. O gates
19--38 through 19-49 collect the different types of carries
generated within their respective associated stages and
transmit same to the adjacent higher order U* register
stage for use therein as has previously been described.
Since the stages (excluding the first and last) in FIGURE
19 are divided into groups of three, an output group carry
to the lowest order stage of the next higher group is con-
sidered as a C! type carry to that stage, Therefore, only
four types of carries need be defined.

FIGURE 20 of the drawing shows the comparison cir-
cuits for determining the equality, if any, between the
14 bit number held in R register stages 0 through 13 and
a 14 bit number held in U* register stages 10-23. The
positive signal R=U* is generated from A20-10 via
N20-11, and is utilized for control functions later to be
described. In order to provide positive signals to all of

TADLE 5

~ the inputs of A20-10, significant negative outputs from

all of the & gates 20-12 through 20-15 must be provided,
which are respectively inverted by N gates 20-16 through
20-19. Each of the A pates 20-12 through 20-15 in turn
must be provided with positive signals to all of its inputs.
This is accomplished only when each bit in the U* reg-
ister stages 10-23 corresponds in value to the bit held
in the corresponding binary order register stages RO
through R13. Thus, A gates 20 and 20-21 respectively
sample the clear and set output terminals of the corre-
sponding register stages U*10 and R0O. If a binary 0 is
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contained in both, then A28-20 generates a significant
negative signal which is inverted via 020-22 and applied
to one input of £20-12, Conversely, if both U*10 and
RO contain binary 1 bits, then A20-21 is energized to
again supply a positive signal via 020-22. A20-23 ex-
amines the clear output terminals of U*11 and RO1 to
determine the presence of binary 0 values in both of these
stages, while A20-24 examines the set output terminals
of each of these stages to determine the presence, if any,
of binary 1’s in both. In similar fashion, A gates 20-26
and 20-27 look for equality of binary values in the U¥12
and RO2 in order to provide a significant positive input
to A20-13. The operation of the remaining logical gates
in FIGURE 20 is therefore believed to be obvious. The
comparison R=U* is required for the input output daia
transfer instruction to determine when the Input Output
Data Transfer operation should be terminated.

3.3, Variable Memory

FIGURE 21 shows details of the V register which is
the address register associated with the variable memory
and to which is transferred a number specifying a loca-
tion within said memory. As shown, the V register con-
tains stages VO through V10 which provides storage for
only 11 binary bits. Although 14 bit addresses are nor-
mally employed, it is noted that the address range for the
variable memory is from 04000 through 07777, expressed
in octal fashion. Therefore, it is always known that a
variable memory address must have binary 0 bits con-
tained in the two highest ordcr binary positions of the
address, as well as a binary 1 bit contained in the third
highest binary order position. Consequently, there is no
need to provide storage for the three highest order binary
positions of the 14 bit address when such address is sent
from P or U#* registers to the variable memory V regis-
ter. This may be seen by noting that X gates 21-10
through 21-20 gate the contents of P register stages 3-13
to VO0-10. Therefore, P register stages 0, 1, and 2 are
not transferred to the V register since their contents are
already known. In like fashion, A gates 21-22 through
21-32 gate the contents of U*13-23 into the V register,
thereby neglecting to sample U*10-12. The V register is
unconditionally cleared at MPO time of each machine
cycle.

With an address stored in V register, means must be
provided to translate the bits contained therein so as to
select a unique location in the variable memory, which
in the present embodiment is comprised of magnetic cores

arranged in a three dimensional array. While many dif- &

ferent forms of translators may be employed for purposes
of this invention, the specific one employed in the present
system is shown in FIGURE 21 and is comprised of the
following circuits, A gates 21-35 and 21-36 are respon-
sive to the positive signal from the clear output terminal
V9 to generate signals at the memory read and write
times, respectively. A gates 21-37 and 21-38 likewise arc
responsive to the set output terminal of V0 to generate
signals respectively occurring at the read and write times
of the memory cycle. Outputs from N gates 21-39
through 21-42 are in turn applied to a series of A gates
21-43 through 21-50 in the manner shown, where they
are combined with respective clear and set output signals
from V1 in order to generate a single signal at both the
read and write times signifying the binary bit combina-
tion held in VO and V1. Thus, if VO is cleared while V1
is set, then A21-44 generates a signal V0, V01 at the read
of the memory cycle, while 221-48 generates the signal
VOV1 during the write time of the memory cycle. These
signals are utilized in the access switches of FIGURE 3
to enable the final selection of the X and Y coordinate
drive lines used for reading and writing out of a memory
address location. This operation will be more fully de-
scribed in subsequent paragraphs.
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X gates 21-51 through 21-58 sample and logically com-
bine the contents of V2, V3, and V4 in order to generate
a single signal indicating said combination. In like fash-
jon, X gates 21-83 through 21-90 logically combine the
contents of V8 through V10 to generate a single signal
unique to a parlicular binary combination held therein.

A gates 21-59 through 21-62 are responsive to respec-
tive clear and set outputs from V5, as well as to signals
occurring from FIGURE 23 at the read and write memory
times, to generate further signals which are logically com-
bined with the signals from V6 and V7 in A gates 2167
through 21-82. Because of the read and write time sig-
nals associated with these and A gates, there will be one
output signal emitted therefrom at the read memory time
and a corresponding signal emitted therefrom at the mem-
ory write time. This operation is believed to be obvious
in view of the similar operation occurring for A gates 21—
43 through 21-50.

FIGURE 22 shows details of the O transfer register
associated with the variable memory and into which can
be placed a 25 bit word (including parity) either acquired
from memory during the read time or which must be writ-
ten info memory during the write cycle. The O register
can be loaded from a variety of locations. For example,
a 24 bit word from X register may be gated to O0-23 via
A gates 22-19 through 22-23 upon generation of a com-
mand X To O from FIGURE 12, During an Input Data
Transfer operation utilizing channel 2, the contents of C2
register may be gated into O register stages 0-24 via A
gates 22-34 through 22-58. In the case of an Input Data
Transfer operation, a parity bit accompanies the 24 bit
data such that the parity bit 024 may be set at this time.
The contents of E register may be gated into O0-23 via
A gates 22-59 through 22-82 by a signal from the E reg-
ister. Thus, these three transfers of words from X, C2,
and E are performed when it is desired to store their con-
tents into variable memory at an address held by the V
register.

O register in addition may be filled by information from
a variable memory address location during its read cycle.
The variable memory sense output amplifiers are con-
nected to the set input terminals of 00-24 so that upon
detection of a binary 1 bit stored in a selected magnetic
core, a negative signal from the sense amplifier sets the
corresponding O register stage. O register is uncondi-
tionally cleared at MPO time.

Fourteen bit numbers from other locations in the sys-
tem may also be gated into O register stages 10-23 (and
sometimes 24). In this category are the numbers stored
in R, F1, F2, and E* registers. A gates 22-129 through
22-142 transfer a 14 bit number from F1 into 010-23,
while X gates 22-44 through 22-157 gate the contents of
F2 register into 010-23. These two operations are per-
formed during the execution of a Store F1 or Store F2
instruction. Also, the contents of E*10-23 must be stored
in 010-23 on certain occasions when an error has been
detected in the system. This transfer is effected by O gates
22-84 through 22-96 directly from the designated E* reg-
ister stages.

The set output terminals of the O register stages 10-24
are connected to a variety of locations within the system
in order to transfer from the O register a number acquired
from a variable memory address location. A set of A
gates 22-67 through 22-191 are also provided which
are connected to the clear output terminal of O0-
24 so that during the write time of a variable mem-
ory reference cycle, the inhibit winding of the mem-
ory matrix plane associated with the bit position of the
O register stage may be energized to prevent a binary 1
from being written in the storage core by the coincident
X and Y drive currents. This operation will be described
further at a later time, Thus, if an O register stage is in
the cleared condition (representing binary O) the positive
signal from the clear output terminal switches with a Gate
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Inhibit signal from FIGURE 23 during the memory write
time to generate a significant positive output from one of
the associated N gates 22-192 through 22-216. Such a
positive signal enables the associated inhibit generator to
energize the inhibit winding. This technique is well
known in the prior art.

The parity stage 24 of the O register may also be sepa-
rately set by parity generating circuits as well as being set
by the parity bit associated with an incoming data word.
For example, words held in certain locations in the system
do not have a parity bit associated therewith, such as the
14 bit numbers held in F1, F2, and R registers, as well as
the 24 bit number held in the X register. It is necessary
therefore to generate a parity bit for these numbers when
they are to be stored in the variable memory. The gen-
eration of any of the gating signals F1 To O, F2 To O, R
To O, or X To O causes the Insert Parity FF22-160 to be
set via 022-162. The setting of FF22-160 thereupon en-
ables A22-65 to be responsive to the signal Even Parity
Sets 024 from the Z and O parity check circuits, which
perform the task of generating the parity for a number
held in the O register. The calculated parity for a num-
ber, with which no parity is normally associated, is there-
fore placed into 024 for transfer with the 00-23 number
into the variable memory. The signal E And E* To O
also allows the setting of FF22-160 in the same manner.

FIGURE 23 shows the variable memory control flip-
flops which determine the read and write times when
referencing the variable memory. If the variable memory
is to be referenced for either an instruction or an op-
erand, the flip-flop 23-10 is set by any one of the three
signals P To V-1, P To V-2 or U* To V of FIGURE 39.
The setting of FF23-10 enables A23-15 and A22-26 to

generate read and write signals, respectively, upon the un- .
conditional setting of flip-flops 23-13 and 23-24 respec-

tively. Thus, in a variable memory reference during a
machine cycle, the reading of information from a partic-
vlar address location in the variable memory occurs be-
ginning at MP3 time while information is written into the
variable memory at a time beginning MP10. The par-
ticular address location referenced is that indicated by
the number held in the V register for the complete ma-
chine cycle. Writing of information into a core storage
location is accomplished through use of an inhibit pulse
which is used to determine the presence, if any, of a binary
0 digit in the associated O register stage. This signal
is generated by flip-flop 23-23 which is set at MP9 time
just prior to the setting of FF23-24. All flip-flops 23—
10, 23-13, 23-21 and 23-24 are unconditionally cleared

at specific times during the machine cycle, such as shown :

in FIGURE 23.

The Variable Memory itself is made up of 25 matrix
planes, each containing 2048 magnetic cores of the bi-
stable, square hysteresis loop type. One of these matrices
2-10 is shown in FIGURE 2 and is that which stores the
binary bit of order significance 2° of each of the 2048
words in Variable Memory: e.g., the core 2-11 in the low-
er-left corner of the matrix stores bit 20 of that word
stored at octal address 04000. On another 2048 core
matrix plane identical to the one shown in FIGURE 2,
the core in the lower-left corner stores bit 2! of the same
word (at octal address (04000), and so forth for the re-
maining 23 planes. The X and Y drive lines that pass
through bit 20 of octal address 04000 also pass through
the remaining 24 bits (including the parity bit) associated
with octal address 04000. Therefore, when an address is
selected, all of the cores associated with the selected word
are simultaneously sensed. Similarly, cores 2-12 in the
upper-right corner of the matrices store those bits asso-
ciated with the word at octal address 07777. Here again,
all cores at octal address 07777 are at the same relative
physical location on each matrix, and each core, from 2°
through 22¢ is located on a different 2048-core matrix
plane.

There are four groups of eight Y drive lines each, al-
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though only two groups are shown in FIGURE 2 for
clarity. The left end of each Y drive line in a group is
connected to a different one of a set of eight Y Drive Cir-
cuits Y@ through Y7, each of which in turn is connected
to a different one of the A Gates 21-51 through 21-58,
respectively in the V register translator. The right ends
of all Y drive lines in the same group are connected to
the same access switch of a set of four Y Read/Write
Access Switches YO through Y3, each of which in turn
has a Read terminal connected to a different one of A
Gates 21-43 through 21-46, respectively and a Write ter-
minal connected to a different one of A Gates 21-47
through 21-5¢. The right ends of other Y groups are
connected to different ones of the Y access swiitches.
Since only one Y Driver and one Y access switch can be
enabled at any given time, only one Y drive line will be
energized during a Variable Memory reference.

There are eight groups of eight X drive lines each, al-
though only two groups are shown in FIGURE 2 for
clarity. The upper end of each X drive line in a group is
connected to a different one of a set of eight X Drive Cir-
cuits X0 through X7, each of which in turn is connected
to a different one of the A Gates 21-83 through 21-99,
respectively. The lower ends of all X lines in the same
group are connected to the same access switch of a set of
eight X Read/Write Access Switches X0 through X7,
each of which in turn has a Read terminal connected to
a different one of A Gates 21-67 through 21-74, respec-
tively, and a Write terminal connected to a different one
of A Gates 21-75 through 2-182, respectively. Since
only one X Driver and one X access switch can be en-
abled at any given time, only one X drive line will be en-
ergized during a Variable Memory reference.

When a P TO V or U* TO V pulse gates the address
from the P or U* registers into the V register, the trans-
lators associated with V immediately enable those driver
circuits associated with corresponding X and Y drive lines.
The negative input to a driver allows it to respond to the
subsequent enabling of the corresponding X and Y access
switches when the Read Shaper FF23-13 is set in order
to force current in one direction through each of the se-
lected X and Y drive lines. The effect of this coincident
current in the X and Y drive lines is to switch all of the
cores at the selected address to the “0” state. 1f a core
was initially in the “0” state, a small signal is generated
on the corresponding matrix plane sense winding thread-
ing the core (not shown in FIGURE 2), and a positive
output signal is forwarded to the 0 register. However,
if the core is initially in the “1” state, the direction of
magnetization of the core reverses and a large signal is
generated on the sense winding. This signal is amplified
and forwarded to the gated detectors (not shown in FIG-
URE 2) where a strobe pulse from A23-11 gates a nega-
tive signal into the O register to set the associated flip-
flop to the “1” state. The read cycle is initiated on
MP3 when the Read Shaper flip-flop is set; the cycle ends
on MP7 (delayed 0.05 microsecond) when the Read
Shaper flip-flop is cleared. This technique is well known
in the prior art.

Since the address in the V register remains the same
during the complete memory cycle, the access switches
and driver circuits that are enabled for the read cycle are
used also for the write cycle. The selected driver cir-
cuits remain enabled throughout both operations. How-
ever, when the Read Shaper flip-flop is cleared, the X
and Y access switches are disabled. When the Write
Shaper flip-flop 23-24 is set, the write translators in the V
register are gated and enable signals are issued to the
Write terminals of the same X and Y access switches,
so that current flows in the opposite direction through
each of the selected X and Y drive lines. The write op-
eration always follows the read operation since the lat-
ter destroys the information held in the word location.
By the beginning of the write cycle, the cores at the se-
lected address have all been cleared to the “0” state by
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prior tead operation. The write currents of opposite di-
rection attempt to switch all of the cores at the address
location back to the “1” state. However, the data word
in the Q register determines what is written into the se-
lected address. For example, if the flip-flop 10 of the O
register is set to “1,” the X and Y write drive currents
switch the core at 210 of the selected address to the “1”
state. However, if the flip-flop 10 is cleared to the “0”
state, an inhibit winding associated with the matrix plane
containing this core (not shown in FIGURE 2) is ener-
gized by A22-177 at the selected address which cancels
the effect of the current in the X drive line. Since the
Y drive line current acting alone cannot switch the core,
the core remains in the “0” state. The write cycle is
initiated on MP10 when the Write Shaper flip-flop is
set; the cycle ends on MP14 (delayed 0.05 microsecond)
when the Write Shaper flip-flop is cleared.

3.4, Permanent Memory and Twister Input Switch

FIGURE 24 shows the W register for holding an ad-
dress of a location in the permanent memory. W register
stages 0 through 13 provide 13 bit storage for a permanent
memory address ranging from 10000 through 33777, and
37720 through 37777, with the latter range being the loca-
tions contained in the twister input switch which acts as a
buffer beiween the critical input units and the computer.
A24-10 to 24-23 gate the contents of the P register into
the W register stages upon occurrence of the signal P to W.
In similar fashion, & gates 24-24 through 24-37 gate the
contents of U#* register stages 10-13 into the W register
upon occurrence of the signal U* To W. The W register
stages are unconditionally cleared at MPO time via
N24-38.

As with the V register, translators must be provided for
the W register in order to select a particular location in
the permanent memory or in the twister input switch.
The W register translators are comprised of five groups.
X gates 24-3% through 24-44 individually sense the binary
combination held in W0-2 in order to select one of five
permanent memory D units or the twister input switch.
As will further be described in connection with FIG-
URE 3, the permanent memory is divided into five units,
1 through 5, in which different ones of the permanent
memory address locations are found. Unit 1 contains
addresses 10000 through 13777, unit 2 contains addresses
14000 through 17777, unit 3 contains addresses 20000
through 23777, unit 4 contains addresses 24000 through
27777, while unit 5 holds address locations 30000 through
33777. For example, if W0-2 have binary bits 0, 1 and 0
respectively, then A24-39 js enabled to select the perma-
nent memory unit 1. This is so since W stages 0 and 1
hold the octal digit 1, while the cleared condition of W2
indicates that the maximum value of the second highest
order octal digit is three. If W0-2 contains 101, respec-
tively, then X24-42 is enabled to select the permanent
memory unit 4, since W0—1 contain the octal digit 2 while
the set condition of W2 indicates that the minimum value
of the second highest order octal digit must be at least 4.
1t is therefore thought obvious as to the operation of the
other unit selector A gates in view of the above discussion.
Tn addition, 024-45 is responsive to a significant negative
output appearing from either A gates 24-39, 2441, or
24-44 in order to generate a significant positive Unit
Select Parity Check Signals.

The second group of the W register translators to be
discussed are A gates 24-26 through 24-49 associated
with W4 and W5 used to generate one of the Gate Line
Access switch X0-X3 signals therefrom. Although the
clear and set output terminals of W5 are connected di-
rectly to these associated A gates, the clear and set output
terminals of W4 are first applied to A gates 24-50 and
24-51 whose outputs are thereafter inverted via N24-52

and N24-53 before application to the A translators. The
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other input to & gates 24-50 and 24-51 is derived from
FIGURE 27 when a Gate Group And Line X signal is
produced in a manner subsequently to be described. The
signals from A gates 24-46 through 24-49 are further
applied 1o the permanent memory gating fogic in FI1G-
URE 25 before they are used in referencing the perma-
nent memory.

The third group of translator circuits in FIGURE 24
are & gates 24-55 through 24-62 associated with W stages
6 through 8. These A translators are responsive to binary
bit combinations in W6-8 in order to generate one of the
Enable Group Access Switch X0-X7 signals which is uti-
lized as shown in FIGURE 3 subsequently to be described.
In addition, the one outputs from A24-61 or 24-62 is also
used to reference the twistor input switch access circuits
in a manner subsequently to be described. Register stage
W6 must first be gated through X gates 24-63 and 24-64
by the Gate Group And Line X signal from FIGURE 27.
Thus, the signals from A24-46 through 24-49, and 24-55
through 24-62 do not appear until a permanent memory

ead cycle has commenced. O gates 24-54 and 24-67 are
also provided having inputs from the indicated A gate
translators in order to perform a parity check operation.
The fourth group of translators in FIGURE 24 are the
A gales 24-68 through 24-75 associated with W register
stages 3, 9, and 10 in order to generate one of the signals
Gate Line Access switch YO-Y7. These signals are di-
rected to the permanent memory gating logic of FIGURE
25 where they are utilized in a manner subsequently to be
described before application to the permanent memory
access circuits of FIGURE 3. W3 must first be gated
through X gates 24-76 and 24-77 by the signal Gate Line
Translators Y from FIGURE 27 before A gates 24-68
through 24-75 may generate a signal output therefrom.

The last group of W register translators are A24-81
through 24-88 associated with W11-13. These A gates
sense the binary combination held therein to generate one
of the signals Fnable Group Access Switch YO0-Y7, used
both for permanent memory or a twistor input switch
reference in a manner subsequently to be described. How-
ever, before such a signal can be generated the output of
W11 must be gated through A gates 24-89 and 24-90 by
a Gate Group Translators Y signal from FIGURE 27.
O gates 24-80 and 24-93 are respectively associated with
indicated ones of the Gate Line Access Switch Y trans-
lators and Enable Group access switch Y translators in
order to afford a parity check on the address held in the
W register.

FIGURE 25 shows the permanent memory gating Jogic
which accepts a Unit Select signal, a Gate Y line Access
Switch signal, and a Gate X Line Access Switch signal
from FIGURE 24 to generate time two signals used to
reference the permanent memary or twistor input switch,
For example, & gates 25-22 through 25-29 are responsive
to the generated one of corresponding Gate Line Access
Switch Y0-Y7 signals, as well as to a generated Select
Unit 1 signal, to generate one of the Enable Line Access
switch YO-Y7 signals used to energize a Y drive line in
permanent memory unit 1. In similar fashion, A gates
25-30 through 25-33 respond to the generated one of the
Gate Line Access Switch X0-X3 signals from FIGURE
24, as well as the Select Unit 1 signal, to generate one
of the Enable Line Access Switch X0-X3 signals used
to energize a X drive line in unit 1. Similarly, a gen-
erated Select Unit 5 signal from FIGURE 24 is applied
to & gates 25-73 through 25-84 which in turn are also
respectively responsive to the generated one of the Gate
Line Access Y switch signals and to the generated one of
the Gate Line Access X switch signals in order to gen-
erate Y and X Enable Line Access signals for the per-
manent memory access circuits of unit 5. Although not
shown in FIGURE 25 for the sake of clarity, three other
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groups of A gates are also included in the permanent
memory gating logic, each group being responsive to the
Gate Line Access Switch Y and Gate Line Access Switch
X signals from FIGURE 24, as well as to a different
one of the Select Unit 2 through 4 signals. The X and Y
Line Access output signals from each of these three groups
are respectively applied to the permanent memory access
circuits of units 2 through 4.

A gates 25-87 through 25-90 are respectively respon-
sive to a generated one of the Gate Line Access Switch
signals Y7, Y6, Y5, or Y4 from FIGURE 24, as well as
to the Select Twistor Input Switch signal. These A gate
output signals are directed to access switch units YO0
through Y3 in the twistor input access circuits in order
to enable reference of same if the address in the W reg-
ister so requires. Furthermore, A28-86 responds to the
Select Twistor Input switch signal as well as to the Gate
Line Access Switch X3 signal to enable the single line
access switch X0 in the twistor input access circuits. The
use of the signals generated in FIGURE 25 will become
apparent during the discussion to follow with regard to
FIGURE 3. ~

FIGURE 26 shows details of the Z transfer register
which is provided to accept information from any of the
five D units in permanent memory or from the twistor
input switch. Each of the permanent memory units has
a complete set of 25 sense amplifiers individual thereto,
with each sense amplifier in a set being connected via
O gates 26-60 through 26-84 or U gates 26-85 through
26109 to the associated Z register stages 0-24, The
actual setting of the Z register stages, however, is not
done until a Strobe Z signal is generated from FIGURE
27 which permits A gates 26-10 through 26-59 to enter
the word being read. The Z register is unconditionally
cleared at MPO time of each machine cycle.

FIGURE 27 shows the control circuits for the perma-
nent memory which include an X Shaper FF27-10, a
Y Shaper FF27-11, a Permanent Memory Strobe FF27—12
and a Twistor Input Strobe FF27-13. Timing pulses
from the main pulse distributor initiate the control circuits
to provide the sequence for a permanent memory refer-
ence. When the X shaper FF27-10 is set at MP2 time,
the output from the 1 side of the flip-flop gates both the
X group and X line translators in the W register. At
the same time, the output from the clear side of FF27-10
causes 027-14 to gate the Y group translators in the
W register. The effect that these signals have on the
overall operation of the permanent memory will become
evident in subsequent paragraphs.

When the Y Shaper flip-flop 27-11 is set at MP3 time, 5

after a delay of 0.20 microsecond, its output gates the Y
line translators in the W register. At the same time, the
negative signal from the clear output terminal of FF27-11
is also applied via O27-14 to insure the generation of the
Y Gate Group Translator signal. When both the X and
Y Shaper flip-flops 27-10 and 27-11 are thus set, a X
drive line and a Y drive line will be energized within one
of the permanent memory units or within the twistor input
switch to apply coincident currents to a word access core
enabling same to sense the contents of the selected ad-
dress location. Since read out from the permanent mem-
ory or from the twistor input switch is non-destructive
and since no information is ever transmitted from the
computer therto, there is no provision for a write cycle.

The Strobe Enable for the sense amplifiers is provided
by FF27-12 when the permanent memory is referenced
or by FF27-13 when the TIS (twistor input switch) is
referenced. If the permanent memory is referenced, then
the Select Twistor Input signal from FIGURE 24 is posi-
tive to enable A27-18 to set FF27-12. On the other
hand, if TIS is selected, then a positive signal is applied
to A27-19 which sets FF27-13 through a small delay.
(27-15 is common to the clear output terminals of both
flip-flops in order to generate a positive Strobe Z Sense
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Amplifiers signal which is forwarded to the Z register in
order that these sense amplifier outputs can be examined
to determine the contents of the address location.

A block diagram of the permanent memory access
circuits is shown in FIGURE 3. The permanent mem-
ory is comprised of five identical independent D units 1
through 5, of which the top memory plane of unit 1 is
shown in the figure. Each unit contains four 512 word
three dimensional matrix stacks, or a total of 2048 stor-
age locations per unit. There are 26 memory planes
in each stack. Each matrix stack 1,2,3, and 4 of a unit
has associated therewith 16 X drive lines and 32 Y drive
lines, although for clarity many of the X and Y drive
lines have becn omitted in FIGURE 3. The medium of
storage in the permanent memory is a group of magnetized
program cards. Each 512 word matrix stack requires
16 cards, with each card being inserted vertically into
the stack in parallel with one of the 16 X drive lines
asscciated therewith. The end views of two such pro-
gram cards 3-10 and 3-11 are shown in matrix stack 4.
A 32 by 26 array of ferrite “squares” is embedded in the
surface of each card. Therefore, each magnet card stores
32 26-bit words, one bit for each of the memory planes
in the stack. The permanent memory uses a 24 bit word
plus one parity bit, with the 26th bit location being a
spare. Only the ferrite squares at those bit locations
that are to represent 0's are magnetized. All ferrite
squares not magnetized represent binary 1’s,

The presence or absence of a “magnetized” ferrite
square is sensed by a wire wrapped with magnetic tape
placed close to the square. This wire is called a twistor.
A twistor wire is formed by wrapping a piece of magnetic
permalloy tape around a copper wire at a 45 degree angle.
The magnetic tape detects information at particular bit
locations, and the copper conductor transmits the infor-
mation to a sense amplifier. An individual group of 26
twistor wires is provided for each unit, one for each mems-
ory plane, which are common to all four matrix stacks.
A solenoid strip for each word location in a stack is
looped around all 26 of the twistor wires and one end
of the loop is linked with a word access core, several of
which are shown in FIGURE 3 and designated 2-12. An
X drive line and a Y drive line links each of the word
access cores of which there are 512 for each stack. There
are thirty-two solenoid strips associated with each mag-
net card which is inserted in the stack adjacent thereto.
Therefore, the embedded ferrite squares are placed di-
rectly over the twistor wires. For further details of the
twistor storage element, reference may be had to an arti-
cle by A. H. Bobeck, “A New Storage Element Suitable
for Large-Sized Memory Arrays—The Twistor,” appear-
ing in The Bell System Technical Journal, vol. 36, No.
6, pp. 1319-1339 (November 1957).

For each permanent memory unit, there are four groups
of eight X drive lines each, although only two such groups
are actually shown in FIGURE 3 for clarity. The left
end of each X drive line in a group is connected to a
different one of a set of eight X Group Access Switches
and Inverters X0 through X7, each of which in turn is
connected to a different one of X gates 24-55 through
24-62, respectively, in the W translator. There is a set
of X Group Access Switches for each of the memory
units, with the output from each of the said & gates being
connected to the correspondingly numbered switch in each
set. The right ends of all X drive lines in the same group
are connected to the same Line Access Switch of a set of
four X line Access Switches X0 through X3, each of which
in turn js connected to a different one of A gates 25-30
through 25-33 for unit 1. X drive lines of other groups
in unit 1 are connected to other of the switches X0
through X3. The right ends of the X drive lines in other
units are connecled to ones of a different set of X line
access switches for that particular unit, which in turn are

connected to other A gates in FIGURE 25 some of which
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have been omitted for the sake of clarity. For example,
in unit 5, the right ends of all X drive lines in the same
group are connected to the same access switch of a dif-
ferent set of four X line access switches X0 through X3,
each of which in turn is connected to a different one of
A gates 25-81 through 25-84.

For each permanent memory unit, there are eight groups
of eight Y drive lines each, although only two such groups
are shown in FIGURE 3. The upper end of each Y drive
line in a group is connected to a different one of a set of
eight Y Group Access Swilches and Inverters Y0 through
Y7, each of which in turn is connected to a different one
of A gates 24-81 through 24-88, respectively. As with
the X Group Access Switches, a set of Y Group Access
Switches is provided for each of the permanent memory
units, with the output of each of the above identified X
gates being connected to the same correspondingly num-
bered Y switch in each set. The lower ends of all Y lines
in the same group are connected to the same Line Access
Switch of a set of eight Y Line Access Switches Y0
through Y7, each of which in turn is connected to a dif-
ferent one of a set of & gates 25-22 through 25-29 in the
case of unit 1. For other units, such as unit 5, a differ-
ent set of Y Line Access Switches is provided which in
turn are respectively connected to A gates 25-73 through
25_80. Therefore, from the discussion above, it is seen
that only one X Group Access Switch and one X Line
Access Switch can be enabled at any given time in only
one of the permanent memory units, so that only one X
drive line will be energized during a permanent memory
reference. Also, only one Y drive line in only one of the
memory units will be enabled in a given time. If TIS is
selected, however, then no permanent memory units will
be referenced.

When the computer is turned on, a pre-magnetizing
D.C. current is passed through each twistor wire before
the permanent memory on TIS is put into operaticn. This
current magnetizes all of the twistor wires uniformly and
eliminates the stray ficlds that are induced in the twistor
wires where the program cards are inserted in the slots.
After an address has been placed in the W register, the X
Shaper FF27-10 is set to gate the W group transiators to
enable a Group Access Switch for an X and 2 Y drive
line in all of the memory vnits. Furthermore, the setting
of FF27-10 gates the W line translators to enable a X
line access swilch in only one of the memory units. When
the Y Shaper FF27-11 is set, the line translators are gated
to enable a Y line access switch in only one of the mem-
ory units which is that in which the X line access switch
is also enabled, Therefore, there is energized X and Y
drive lines through a single word access core at the loca-
tion specified by the W register. The effect of the coinci-
dent X and Y currents is to reverse the direction of mag-
netic flux in the word access core and, as a result, induce
a voltage in the solenoid strip linked to the core. The
induced voltage in the solenoid strip sets up a magnetic
field in the 26 twistor wires that overcomes the magnetic
field produced by the D.C. current. Thus, the direction
of magnetization of each twistor wire within the solenoid
strip reverses, causing a voltage to be induced in the
twistor wire. This induced voltage is transmitted along
the wire to an associated sense amplifier (not shown in
FIGURE 3). The change in magnetization in the twistor
wire can be inhibited by placing a magnetized ferrite
square over the solenoid strip and twistor wire in such a
manner that the field produced by the solenoid strip is
insufficient to overcome the external ficld of the perma-
nent magnet. Thus, if a permanent magnet (a mag-
netized ferrite square) is present, the magnetization of the
twistor wire is not changed, and a binary 0 is considered
read from the bit location. Where there is no magpet,
i.e., the ferrite square is not magnetized, the direction of
magnetization of the twistor wire within the solenoid strip
changes and a 1 is read from the bit location.
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During the read cycle, the current in the X and Y drive
lices reverses the direction of magnetic flux in the word
access core at the selected address. Since the permanent
memory has no write cycle, a bias winding (not shown in
FIGURE 3) is used to change the core back to its original
state. The bias winding passes through all of the word
access cores and the current is applied to the winding con-
tinuousty. The current in the bias winding opposes the
current flow in the X and Y drive lines. Therefore, when
the X Shaper flip-flop 27-10 is set, the X drive current
overcomes ihe current in the bias winding. When the Y
Shaper flip-fiop 27-11 is set, the direction of magnetiza-
tion in the word access core changes. When both of
these flip-flops are cleared, the bias current automatically
switches the word access core back tfo its original state.

There are sense amplifier circuits connected to the 25
twistor wires for each unit that detect the twistor bits that
change, amplify the signals, and forward the resuiting data
to corresponding fiip-flops in the Z register. Each twistor
wire has its own sense amplifier. On MP8, the Perma-
nent Memory Strobe FF27-12 is set, thus causing strobe
pulses to be issued to A gates 26-10 through 26-59 to gate
binary 1 signals into the corresponding flip-flops in the Z
register.

The twistor input switch is also a word organized stor-
age device that receives data from critical input units and
makes the data immediately available to the computer.
Although not shown in FIGURE 3 in detail, the character-
istics and principles of operation of the twistor input
switch are similar to those of the permanent memory.
However, since data from the input unit is changing con-
tinually, electro-magnets are used to effect the storage of
data in contrast to the use of permanent magnets on the
program cards in the permanent memory. Although the
computer must be stopped in order to change the contents
of the permanent memory, the contents of the twistor in-
put switch is modified while the computer is operating
whenever the solenoid coils are energized or de-energized.
Signals from the critical input units determine the states
of the solenoids. As in the permanent memory, a sole-
noid strip is looped around the 26 parallel twistor wires
of the unit for each word location. The Y drive circuits
in the twistor input switch are similar to those in the per-
manent memory and consist of eight Group Access
Switches enabled by A gates 24-81 through 24-88, and
four Line Access Switches enabled by A gates 25-87
tbrough 25-90, Each Y Line Access Switch drives eight
lines and each line, in turn, connects to an associated
group access switch. The X drive circuits consist of two
Group Access Switches respectively enabled by A gates
24—&1 and 24-62, and one Line Access Switch enabled
by A2586. These circuits operate in the same manner as
the circuits in the permanent memory. Except for the
Strobe flip-flop 27-12, the other control flip-flops 27-10
and 27-11 used with the permanent memory are also
used with the twistor input switch.

3.5, Channel 1 Input/Output

.FIGURE 28 shows details of the F1 register, which has
tl}lrteen stages F1-00 through F1-12 for holding a 13
bltEumber gated from U* register stages 10-22 via a set
of A pates 28-10 through 28-22, This number from the
U* register is the T address portion of the instruction
intiate F1 having an octal operation code of 31. Such an
mst_ruction is withdrawn from either the permanent or
variable memory and its “S” address portion is indexed
to place the sum into U* register stages 10-23. There-
after, the OP Code 31 causes transmission of the U* 10-22
to the F1 register by generation of the command U* To
F1 from FIGURE 9.

The function of the 13 bit number held in F1-00
through F1-12 is to control the operation of an output
d?ta transfer on channel 1, which further includes a 25
bit (including parity) word transfer register C1 which
provides for buffering between the computer variable
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memory and an external unit. For example, the bits con-
tained by F1-00 and F1-01 determine the direction of
transfer of the data word between the computer and the
unit. Therefore, these two bit positions of the F1 regis-
ter may be considered to define the function of the input-
output operation. In the present embodiment, channel 1
is only utilized for an output operation such that a data
word is only transferred from the variable memory of the
computer to one of several external units associated with
channel 1. If F1-00 is cleared while F1-01 is set after
transfer of the number from the stages U*10 and U*11,
respectively, then an output operation utilizing channel
1 is indicated. Thus, A28-41 detects the presence of bits
01 in F1-00 and F1-01, respectively, to generate a signal
via N28-42 indicating that an output operation is to oc-
cur. If both F1-00 and F1-01 are set, then an Illegal
Function combination is indicated which is sensed by
‘A28-43 to generate an F1-Function Type error signal at
commencement of the output operation.

F1 register stages 2 through 4, not specifically shown
in FIGURE 28, are not used in the channel 1 output oper-
ation and so their bit contents are therefore not significant.
F1 register stages 5, 6, and 7 are utilized to select one
of several different banks of output devices to which the
data word from variable memory in the computer is to be
transferred. For example, A gates 28-24 through 28-30,
respectively, sense the presence of one of seven unique
bit combinations held in the F1-8 through F1-7 register
stages to provide a signal enabling a particular one of
several different output devices to prepare for receipt of
the data word. At least one of the F1-§ through 7 stages
must be set upon transfer of the U* register thereto, or
else an F1-Group Designated error is generated by A28-24
upon commencement of the channel 1 output operation.

F1 register stages 8, 9, and 10, not specifically shown
in FIGURE 28, are used to select one particular external
unit within the selected output group as determined by
the setting of F1 register stages 5 through 7. Thus, if
F1-09 stage is set, the second output unit in the selected
output group will be the one actually receiving the trans-
fer data word. Register stages F1-11 is not utilized in
the channel 1 operation.

If a binary 1 bit from U*22 sets F1-12, this signifies
that upon termination of the channel 1 output operation,
an Input-Output Channel 1 Interrupt request is made such
that an interrupt sub-routine will be initiated by the com-
puter. If, on the other hand, F1-12 remains clear dur-
ing the channel 1 output operation, then no such interrupt
request will be initiated. Both F1-13 and F1-14 are
control flip-flops associated with the F1 register, with
F1-14 being set to initiate the channel 1 output operation
under control of the number held in the FI register. The
setting of F1-14 is by A28-38 which is responsive at
MP$9 time to the presence of an Initiate F1 op code held
in U*0-5. When once set, F1-14 remains in this condi-
tion until the required number of data words have been
transferred to the selected output unit, after which F1-13
is set to subsequently clear F1-14 by an output from
A28-47. The output from A28-38 utilized to set F1-14
also generates an initial control signal F1-Prime QOutput
from £28-40 whose use will subsequently be described.
It is not until F1-14 is set that gating signals will be ap-
plied to A28-43 and X28-44 to generate either a Function
Type Error signal or a Group Designator Error signal, or
both if such are to be found. These two signals are applied
to 028-45 which in turn indicates a Channel 1 error and
furthermore causes the immediate settings of F1-13 to
clear F1-14 and immediately terminate the channel 1 out-
put operation before the first data word can actually be
transferred.

FIGURE 29 shows details of the C1 register which pro-
vides a 25 bit buffer storage (including parity) for the data
word being transferred between the computer variable
memory and the external unit selected by the value held
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in the F1 register. A 24 bit number from the O register,
which is that output register associated with the variable
memory, can be gated into C1 register via set of A gates
29-10 through 29-34 upon application thereto of a Gate
O To C1 via N29-35. The output from the C1 register
is directed to all of the output units associated with chan-
nel 1 but is only actually received by the one selected by
the F1 register number. Further details of channel 1
output units are not shown herein inasmuch as they do
not comprise a portion of the present invention.

FIGURE 30 shows circuitry for controlling the channel
output operation and providing synchronization between
the computer and external unit selected. In order to
initiate a channel output operation, the External Resume
FF30-10 must be set in one of two ways. Initially, this
is done by output from A29-40 which is generated be-
cause of the presence of the Initiate F1 Op Code 31 in
U*0-5. Otherwise, if there is more than one data word
to be transferred under control of the same F1 number,
then the output unit itself requests all subsequent data
words. This latter function is indicated in FIGURE 30
by the signal Cl1-Resume which is normally negative
unless the cutput unit requests that a data word be trans-
ferred to it. In addition to FF30-19, an External Re-
sume lockout FF30-12 is provided which is also set
at commencement of the channel 1 output operation to
clear External Resume FF30-10 via A30-15 and subse-
quently lock out any further setting of it until the posi-
tive signal CI resume is terminated from the output unit,
The positive signal C1-Resume is terminated as soon as
the operation has commenced to transfer a data word,
and it will stay negative until the output unit has received
the data word from the computer.

A C Status FF30-18 is also provided which, when set,
indicates that the C1 register has been filled with the
data word from variable memory and is waiting for trans-
fer to the selected output unit. In its cleared condition,
FF30-18 indicates that CI register is empty. A Ter-
minate FF30-30 is set after the last data word to be trans-
ferred under control of the F1 register number has been
withdrawn from variable memory and placed into the
C1 register. The setting of FF30-30 thereupon causes
the channel 1 output operation to be terminated at the
time that the output unit receives the last data word from
C1 register and request another.

A brief operation of FIGURE 30 will now be described
without detailed reference to other figures of this applica-
tion. The acquisition of an Initiate F1 instruction from
memory, which is ultimately placed in U* register,
causes the External Resume FF30-10 to be set by the
signal F1 Prime OQutput from FIGURE 28. The set con-
dition of FF30-10, coupled with the presence of a posi-
tive signal F1 Output And Go from the F1 register which
indicates that an output operation of chanmel 1 is to
be commenced, allows X30-11 to generate a signal at
MPI15 time which in turn sets FF30-12 and clears
FF30-18. In addition, the output from A30-11 is gated
via 030-13 to clear C1 register and at the same time is
applied via N30-32 to A30-14 to request an input-out-
put data transfer operation for channel 1. Any output
from A30-14 of course assumes that FF30-30 is in its
cleared condition at this time. The output from A30-14
is directed to the priority circuits of FIGURE 42 where
it requests an interrupt of the main program to be made
for one machine cycle. During this machine cycle, a
data word is extracted from a particular location in var-
iable memory whose address resides in a specific location
in the R memory. The data word from variable memory
is thereupon placed in the O register, whereupon a signal
Channel 1 Ready is applied to set the C status FF30—18.
This thereby indicates that C1 register is full, with Chan-
nel 1 Ready signal also simultaneously gating the con-
tents of O into C1 register. Thereafter, the external unit
can at its Jeisure extract the data word from C1 register,
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after which time it generates a positive C1-Resume which
is clocked at any one of the MP times 1, 5, 9 and 13
to again set FF30-10. The setting of this flip-flop al-
lows A30-11 to generate a signal requesting an output
data transfer in channel 1 for the second data word, if
such is required. This process is repeated until the last
data word to be transferred under control of the F1 regis-
ter has been withdrawn from variable memory and placed
in C1. At this time, a Terminate Channel 1 signal is
generated from FIGURE 12 which sets FF30-30 so that
a subsequent request from the output unit for another
data word will cause the generation of a signal from
A30-31. This signal is directed to F1-13 in FIGURE
28 which when set, subsequently clears F1-14 and so
terminates the output operation under control of the F1
register. Thereafter, a new Initiate F1 instruction must
be acquired from memory and placed in U* register in
order for an output operation on channel 1 to again be
initiated.
3.6, Channel 2 Input/Output

FIGURE 31 shows details of the F2 register utilized
in controlling the input-output data transfer operations
in channel 2. It provides 13 bit storage for a number
gated in from U*10-22 via a set of A gates 31-10
through 31-22 in a manner similar to the loading of the
F1 register. The contents of U*10-22 at this time is the
T address portion of an Initiate F2 instruction which
is withdrawn from memory during the course of the main
program sequence in the same manner that an Initiate
F1 instruction may be acquired. However, in the present
embodiment, a data transfer may be made in either direc-
tion between the computer and the external units.
Among the units associated with channel 2 are magnetic
tape units and a typewriter, as well as other external
units.

As with the FI register, stages F2-00 and F2-01 in-
dicate the direction of transfer in channel 2. However,
inasmuch as transfers may be made in both directions in
this channel, both F2 Input and F2 Output signals are
generated from these two stages. For example, if an
output operation is to be performed, i.e., a data word
taken from variable memory of the computer and trans-
mitted to one of the output units, then F2-01 is set and
F2-00 is clear such that A31-41 will generate an F2
Output And Go signal upon initiation of the output op-
eration. Conversely, F2—00 is set and F2-0% is clear,
then A31-52 will generate an F2 Input And Go signal
upon initiation of the operation. As with channel 1,
A31-43 senses the presence of 1 bits in both F2-00 and
F2-01 to generate an F2 Function Type Error which is
applied to 031-45 to indicate a Channel 2 Error, as well
as terminating the operation before it can actually ac-
complish the first data transfer. Furthermore, the pres-
ence of binary 0's in boih F2-00 and F2-01 is detected
by A31-55 to cause a magnetic tape unit to back space
or rewind without there being any transfer of a data
word to or from this unit,

F2 register stages 2 through 4 are utilized for a variety
of purposes when the selected output device is a mag-
netic tape unit. For example, if F2-02 is set, then an
even parity is given to the 6 bit character written on the
magnetic tape. Otherwise, an cdd parity is given to the
character if a binary O stands in F2-62. The four unigue
combinations of the two binary bits held in F2-03 and
F2-04 are utilized to either Backspace, Rewind, or Re-
wind With Interlock the magnetic tape unit selected.

F3 stages 5 through 7 select the particular group of
units or to from which the data transfer is directed, in a

manner similar to the group selection in the F1 regis-
ter. A gates 31-24 through 31-30 thereupon are respon-
sive to seven unique combinations of the three binary
bits held in F2 stages 5 through 7 in order to generate

one signal selecting the output group. However, if
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none of the F2 stages 5 through 7 is set after transfer
of U* into the F2 register, then an F2-Group Designator
Error signal will be generated from A31-44 which is also
applied to 031-45 to indicate a Channel 2 Error and ter-
minate the input-output operation.

F2 register stages 8 through 10 are utilized to select
the particular external unit within the designated group.
For example, in the present embodiment, a binary 1 in
F2-10, with binary 0's in F2-8 and F2-9, will select mag-
netic tape unit 1 within the group designated by an out-
put signal from the set of A gates 31-24 through 31-30.
In the event that F2-08 is set, this indicates that the type-
writer is selected as the unit involved in the data trans-
fer. Whenever a tape unit or the typewriter is involved,
however, group 7 must always be selected which is in-
dicated by a signal from A31-30 due to the presence of
binary 1's in all of the F2 stages 5 through 7. Therefore,
the signal from A31-38 transmiited via N31-37 enables
X31-56 or A31-57 to indicate either a tape or a type-
writer operation.

F2 stage 11 is used during a magnetic tape cperation
for a tape data sorting interrupt if a binary 1 is contained
therein. If a typewriter output operation is being per-
formed, then the presence of a binary 1 therein will
inhibit a parity check. For ocutput units other than tape
or typewriter, the contents of F2-11 are not significant.

F2-12, if set, indicates that a Channel 2 Input-Output
Interrupt request must occur upon termination of the
data transfer operation. The function of this stage is
the same as the function of the corresponding stage
F1-12. F2-13 and F2-14 likewise bave the same func-
tions as corresponding stages F1-13 and F1-14 previ-
ously described in connection with FIGURE 28. Thus,
upon initiation of the data transfer operation, whereupon
one or more data words may be successively transferred
in channel 2 under control of the number residing in the
F2 register, F2-14 is set to generate the enabling signal
F2-Go which is applied to various ones of the gates in
both FIGURE 31 and others. The setting of F2-13 is
accomplished from any one of a variety of sources after
the data transfer operation is terminated, i.., after the
required number of data words has been transferred to
or from the unit. The setting of F2-13 causes A31-47

5 to clear F2-14 and so terminate the F2-Go enabling sig-

nal.  In like fashion, A 13-48 is responsive to a set condi-
tion of F2-12 as well as to the set condition of F2-13 to
generate a request for an input-output channel 2 interrupt
operation which is applied to the priority circuits of FIG-
URE 43. 1t is also possible to generate the Input-Output
Channel 2 Interrupt request by a signal Interrupt Or Ter-
minate from FIGURE 33 via 031-49.

FIGURE 32 shows details of the C2 buffer register
which provides 25 bit storage (including parity) for the
data word involved in the channel 2 input-output transfer
operation. The data word may be transferred from the
variable memory O register via a set of £32-10 through
32-34 upon generation of a signal Gate O to C2. The
number residing in C2 register from such transfer may
then be utilized by the selected output unit which extracts
the contents of C2 register at its leisure. Furthermore,
the C2 register is utilized as the buffer for a channel 2
Input operation whereby a selected unit sends the data
word to the computer to be stored in the variable memory.
The C2 register may be loaded for an input operation to
the computer from one of two different sources, depending
upon the particular unit involved. For example, a
twenty-five bit number may be gated in parallel fashion
from an external unit via a set of A gates 32-35 through
32-61 upon generation of the signal Gate DTU To C2.
However, if a magnetic tape unit of the typewriter is the
unit involved, then the C2 register must successively be
loaded with 6 bit characters from the D register stages
D00 through D05. Although more specifically shown in
FIGURE 34, it may here be said that D00 through D05
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is successively gated to C2-00 through C2-05, C2-06
through C2-11, C2-12 through C2-17 and C2-18
through C21-23. In other words, four successive trans-
fers of 6 bits each must be accomplished in order to fill
the C2 register with a twenty-four bit number supplied
by a magnetic tape unit or a typewriter. After the C2
register has been completely filled, its content is gated to
the O register from whence it is written into the variable
memory.

FIGURE 33 is the C2 sequence control unit which
provides synchronization between the computer and the
input-output units associated with channel 2. For an
output data transfer, much of the circuitry in FIGURE
33 is exactly similar to that provided in FIGURE 30
associated with channel 1. For example, the External
Resume FF33-10 is set upon request by the unit (other
than tape or typewriter) for a data word from the com-
puter, or by the presence of an Initiate F2 Op Code 32
in the U* register stages 0-5. A33-11 is responsive to
the set condition of FF33-10, as well as to a signal from
F2 register indicating an output operation, to set the Ex-
ternal Resume Lockout FF33-12, clear the C Status
FF33-21, clear C2 register, and request an Input-Output
Data Transfer Interrupt operation for channel 2 via
033-14 and A33-15. Afler generation of the signal from
033-16, the main program of the computer is interrupted
for one machine cycle and the data word acquired from
variable memory and placed into the C2 register for trans-
fer to the output unit selected. At this time, a Channel 2
Ready signal is generated which, when applied to A33-19,
sets FF33-21 indicating that the C2 register is now full,
This signal indicates to the output unit involved that it
may now sample the contents of C2 register. If the out-
put unit is one that can accept a parallel 25 bit number
from C2 register, then it subsequently generates a posi-
tive C2-Resume signal which, when applied via N33-25
and N33-33 to A33-32, again sets F33-10 to generate
a request for the computer to furnish the second data
word to be transferred under direction of the F2 register
contents. On the other hand, if the output unit is either
tape or typewriter, then the D register, subsequently to
be discussed, is successively filled with 6 bit characters
from the C2 register for ultimate transfer to the tape or
typewriter which can only process 6 bits at a time. After
the C2 register has been completely emptied by the D
register operation, a signal DSC Qutput Resume is ap-
plied to 033-14 which allows A33-15 to request another
data transfer interrupt of the main program in a manner
similar to the request made by A33-11.

After the last data word has been withdrawn from
memory and placed in C2 register, the Terminate FF33—
34 is set which permits A33-35, upon request by the unit
as indicated by a signal from A33-11, to generate a Bat-
tery Out Drop Go signal to set the Drop Go F2-13 in
FIGURE 31. However, if a tape unit or typewriter is se-
lected, then A33-35 cannot be enabled because of the
negative signal F2 Group 7 And Go. In such case, F2-13
is set by a Tape or TW (Out) Drop Go.

When a data transfer input operation is being per-
formed on channel 2, circuitry is provided in FIGURE
33 which differs somewhat from that provided for an cut-
put operation. For example, when FF33-10 is set,
A33-38 is responsive to both it and the F2 Input And Go
signal from FIGURE 31 in order to generate a signal
Gate DTU to C2 which transfers a 25 bit data word from
an input unit into C2 register. At the same time, A33-38
sets C Status FF31-21 indicating that the C2 register is
filled so that the data word residing therein may be gated
into O register and from there written into the variable
memory. In order to accomplish the transfer of in-
formation from C2 to O register, the output from A33-38
is alsa applied to 033-16 1o request an Input-Cutput Data
Transfer operation of channe! 2 so that an interrupt of
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one machine cycle is made of the main program to allow
this single data word transfer to take place. When the
data word is transferred from the C2 register to the O
register, a Channel 2 Resume signal is generated which
enables A33-41 to clear C Status FF33-21 thus denoting
to the input unit that C2 register is available to receive
another data word therefrom. A positive C2 Resume
signal from the unit thereafter sets FF33-10 and the cycle
repeats. However, after the required number of data
words have been successively transferred between the
input unit and the computer, the program circuitry sets
the Terminate FF33-34 in order to allow A33-43, upon
receipt of an output from A33-41, to set the Drop Go
F2-13 and thus disable A33-32 due to the subsequent
clearing of F2-14. A33-43 is disabled by the positive
Tape and Go signal which is present when a tape input is
being performed.

In the event that the input operation is utilizing a mag-
netic tape unit or the typewriter, the D sequence control
unit associated with the D register provides a DSC Input
Resume Signal directly to 033-16 to request an input data
interrupt. In addition, the DSC Input Resume signal sets
C status FF33-21 to be transferred into variable memory.
The function of FIGURE 33 will be elaborated upon in
detail in subsequent discussion.

FIGURE 34 shows details of the 7 bit D register (in-
cluding parity) which is utilized as a buffer between the
C2 register and the magnetic tape units and typewriter.
Magnetic tape units associated with the computing system
here disclosed are characterized by their bit handling
capacity of 6 binary bits plus one parity bit. The elec-
tric typewriter unit is characterized by its bit handling
capacity of 6 binary bits (not parity bit). During an out-
put tape operation, the D register receives successive
groups of 6 bit characters from the C2 register stages 0-5,
6-11, 12-17, and 18-23, in that order. An odd or even
parity bit, as specified by the F2 register stage 02, is
added to each 6 bit character residing in the D register
by appropriately setting register stage D06. The content
of D register is transferred to the selected tape via the L
register subsequently to be described.

In FIGURE 34, a transfer into the D register stages
0-5 from C2 register stages 0-5 is accomplished by a set
of X gates 34-22 through 34-27 upon occurrence of a
gating signal Gate C2 (0) To D applied to N34-28.
Likewise, 6 bits may be transferred to D0-5 from C2
register stages 6 through 11 respectively, via a set of A
gates 34-29 through 34-34 upon occurrence of the gating
signal Gate C2 (1) To D. A third group of 6 bits may
be gated into D register from stages 12 through 17 of C2
register by A gates 34-36 through 34-41 upon generation
of Gate C2 (2) To D. The last 6 bit group from C2
stages 18 through 23 is subsequently gated into D regis-
ter via A gates 34-43 through 34-48 when the signal
Gate C2 (3) To D is applied.

The D register may also be filled from either a tape
unit or the typewriter in the following manner. Outputs
from the read sense amplifiers respectively associated with
the seven tape tracks are directly applied to the D regis-
ter stages as shown. For example, track 7 of the mag-
netic tape, which contains the parity bit associated with
each of the 6 bit characters thereon, is gated to Dé6.
Tape tracks 1 through 6, in which are placed the six in-
formation bits associated with each tape character, are
respectively applied to set appropriate ones of the D
register stages 5-0 in the event that a binary 1 bit in the
track is detected by the read amplifier. A gates 34-56
through 34-61 are similarly responsive to outputs from
the typewriter which also generates a 6 bit binary code for
each character to be entered into the D register. The
signals from the typewriter are indicated by the SS-1
through S§5-6 signals applied to the & gates 34-56 through
34-61 as shown in FIGURE 34.

When a data input operation is being performed uti-
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lizing either a tape unit or the typewriter, it is first neces-
sary to completely fill the C2 register with a twenty-four
bit number before gating the C2 register contents to the
variable memory register O. This requires that the C2
register be successively filled from the D register with
groups of 6 bits each, commencing with the C2 register
stages 8-5. Thus, A gates 34-64 through 34-69 are
responsive to the set outpul terminals of DO0-5 in order
to transfer the D register contents to the indicated C2
register stages upon occurrence of the signal gate D To
C2 (0). This is the first 6 bit transfer made between
the D register and C2 register, with D register being sub-
sequently cleared in preparation for entry of a second 6
bit character from the selected input unit. After the
second character is deposited in D register, A34-70
through 34-75 are enabled to a signal gate D To C2 (1)
to transfer the D register contents to the indicated C2
register stages 6 through 11. Thereafter, the D register
is cleared and the third 6 bit character from the input
unit entered therein which is subsequently gated via A
gates 34-76 through 34-81 into C2 register stages 12-17.
A fourth character from the selected input unit is there-
after entered into D register and subsequently transferred
via A gates 34-82 through 34-87 into C2 register stages
18-23. After the fourth group transfer, C2 register is
now filled and may now be gated into O register for
storage within the variable memory.

FIGURE 35 shows details of the D sequence control
used for channel 2 input-output data transfers to or from
tape units or the typewriter. A D Status FF35-10 is
provided which, when set, indicates that the D register is
fillad with a seven bit character (including parity) which
thereafter must be transferred either to the C2 register or
to the output unit depending upon the direction of the
data transfer. If a tape unit is selected for the output
operation, a negaitve signal Not Initiate Tape Sequence
is applied to 035-15 from the selected tape unit as soon
as the tape is up to operating speed. On the other hand,
the selection by the F2 register of a typewriter input-
output data transfer causes the generation of a negative
signal NOT TW AND Go from FIGURE 31 which is
applied via N35-32 to various portions of the D sequence
control in order to synchronize the typewriter with the
computer. If a tape output operation is initiated, the
output from (03515 is generated as soon as the tape unit
is up to speed and is applied to A35-16 so that the first
character from C2 register can be gated into D register
for transfer to the tape unit via L register. On the othev
hand, if a tape input operation is commenced, a tape char-
acter must first be placed into D register after which the
D Status FF35-10 is set by the In Tape Resume signal
from FIGURE 38. This causes A35-14 to gate D regis-
ter into the appropriate group of stages of the C2 regis-
ter. A detailed description of the D sequence control
operation will be given in subsequent paragraphs.

FIGURE 36 shows details of the D counter which is
a two stage, double level counter that counts the charac-
ters passing through the D register during a tape or type-
writer input or output operation. It generates the groups
of signals gate C2 To D and gate D To C2 which are
respectively used in the D register of FIGURE 34 in order
to transfer a 6 bit character between C2 register and the
D register. The condition of the two lower flip-flops
FF36-10 and 36-11 determines the condition of the two
upper flip-flops FF36-12 and 36-13. This is accom-
plished at MP4 time such that A36-15 and A36-16 re-
spectively set FF36-12 and FF36-13 if their associated
flip-flops FF36-19 and FF36-11 are set at this time. Con-
versely, A36-17 and A36-18 respectively clear FF36-12
and FF36-13 if at MP4 time their associated flip-flops
FF36-10 and 36-11 are cleared. The conditions of
FF36-12 and FF36-13 are sensed by several output A
gates which generate the required gating signals. For ex-
ample, A36-21 senses the cleared condition of both
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FF36-12 and 36-13 to generate a signal Gate C2 (0)
To D at the time that a signal Gate C2 To D is applied via
N36-25. In similar fashion, A36-22 is responsive to the
set condition of FF36-12 and the clear condition of
FF36-13 to generate the signal Gate C2 (1) To D if
N36-25 generates a significant positive output therefrom.
X36-23 and A36-24 respectively generate the signals Gate
C2 (2) To D and Gate C2 (3) To D if the contents of
FF36-12 and 36-13 are respectively 01 or 11. If the
signal Gate D to C2 is applied to N36-30 then A gates
36-26 through 36-29 respectively generate one of the
four signals Gate D to C2 as shown which are used
to transfer successive 6 bit characters from the D register
into one of the four groups of C2 register stages.

In order to change the condition of FF36-10 and
36-11, which thereafter change the condition of FF36-12
and 36-13, A gates 36-31, 36-32, 36-34, and 36-35 are
utilized in the manner subsequently to be described. The
output of A36-32 is also applied via N36-33 to the
inputs of 36-34 and A36-35. A36-31 and A36-34 also
have respective inputs from the clear output terminals
of their respectively associated upper flip-flops 36-12
and 36-13, while A36-32 and A36-35 have inputs from
the set terminals of their respectively associated flip-flops
36-12 and 36-13. A36-31 and A36-32 also have inputs
to which a positive Advance DK-Lower signal is applied
from FIGURE 35 at the time that a change in the states
of FF36-16 and FF36-11 is desired. This advance sig-
nal can only be applied at MP12 time of a cycle such
that the condition of the two lower DK flip-flops change
prior to application of MP4 to A gates 36-15 through
36-18. A36-19 is responsive to the clear condition of
both FF36-10 and FF36-11 to generate an output signal
via N36-20 which, when positive, indicates that the
value in the lower flip-flops of the D counter is equal to 0.

Initially, a Channel 2 Clear signal is applied from FIG-
URE 35 prior to initiation of an Input-Output operation
thereon, which clears both FF36-10 and FF35-11 such
that the DK=0 signal is now positive. Subsequent to
the clearing of the lower flip-flops of the D counter, a
MP4 pulse applied to A36-17 and 36-18 also clears
FF36-12 and 36-13 such that A36-21 or A36-26 is con-
ditioned to pass the respective signal Gate C2 To D or
Gate D To C2 depending on the direction of transfer. If
now a positive Advance DK-Lower signal is applied at
MP12 time of a machine cycle, A gate 36-31 is responsive
both to it and to the positive output from the clear ter-
minal of FF36-12 to set FF36-10 only. Thereupon,
the next subsequent MPA pulse applied to the transfer
gates will set FF36-12 but maintain FF36-13 in its clear
condition inasmuch as FF36-11 is clear. Under such a
situation, the set condition of FF36-12 and the clear con-
dition of FF36-13 condition A gates 3622 and 36-27 to
pass the generated one of their respective gating signals.
When the next following Advance DK-Lower signal is
applied to A gates 36-31 and 36-32, only A36-32 is en-
abled since it has applied thereto the positive output from
the set terminal of FF36-12. Therefore, the output from
A36-32 clears FF36-10 and also is applied via N36-33
to the input of A36-34. With respect to the latter, it is
further responsive to the positive signal from the clear
output terminal of FF36-13 so that it sets FF36-11,
The next following MP4 pulse gates the cleared condi-
tion of FF36-10 to FF36-12 and the set condition of
FF36-11 to FF36-13 such that A gates 36-23 and 36-28
are now conditioned. The third positive advance pulse
applied to the D counter consequently finds A36-31 en-
abled to set FF36-10, so that at the next following MP4
time, the set conditions of both FF36-10 and FF36-11
are gated via A36-15 and A36-16 to set the respective
flip-flops 36-12 and 36-13. The setting of these thereby
causes the generation of either a Gate C2 (3) ToD ora
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Gate D To C2 (3) at the appropriate time, depending on
whether the transfer is either an output or input.

The fourth following advance pulse to be received by
the D counter finds A36-32 enabled to clear FF36-10,
with this output also being applied to A36-35 to clear
FF36-11. The next subsequent MP4 gates the cleared
condition of both of the lower D counter flip-flops to the
upper flip-flops whereupon the cycle is completed and A
gates 36-21 and 36-26 are again enabled. Thus, the D
counter is seen to be generally a binary counter of two
stages having four unique combinations of the two binary
bits.

FIGURE 37 shows details of the L register whose pri-
mary function is to convert the data contained in the
D register into a Non-Return-To-Zero, Change On 1
tape output (write) operation. During an output opera-
tion, the set output terminals of each of the upper row
of stages LO0 through 106 is connected directly to one
of the write amplifiers in the selected tape unit. FEach
stage of this register fixes the direction of magnetization
on its associated track of the tape. In the Non-Return-
To-Zero, change on 1 method of digital recording, no
fixed state of magnetization is assigned to either the
binary 1 or 0 bit value held in an L register stage. Rath-
er, the state of magnetization is reversed each time the
digit 1 is to be recorded on the tape track. In sensing
a character from a tape during the read operation, each
change of flux thus indicates that a binary 1 is recorded
in the bit position.

In FIGURE 37, the set output terminals of each of
the D register stages 0 through 6 are respectively applied
to A gates associated with the correspondingly num-
bered L register stages. For example, D0-6 are con-
nected to a group of A gates 37-10 through 37-16 whose
outputs are respectively connected to the said input ter-
minals of LO-6. D register stages 0-6 are also connected
to a second group of A gates 37-17 through 37-23 which
in turn are used to clear the respective L register stages
0 through 6. The contents of the upper row of L stages
0-6 may also be gated to a lower row of L* stages 0
through 6 via a set of A gates 37-25 through 37-31 at
MP12 time of a cycle. For example, if LOO is set at the
time that MP12 occurs, then L*00 will likewise be set
at this time. The set output terminals of L*0-6 will like-
wise be set at this time. The set output terminals of
L*0-6 are connected to respective omes of the A gates
37-17 through 37-23 which are used to clear L0-6.
The clear output terminals L*0-6 are applied to the first
group of A gates 37-10 through 37-16. L*0—6 is un-
conditionally cleared at each MP10 time just prior to
entry of information from L0-6 at MP12. Both 1.0-6
and L*0-6 are cleared upon application of either a
clear L or a Channel Z Clear signal applied to 037-32.

The manner in which the L register acts to convert
the contents of D register into Non-Return-To-Zero,
Change On 1 indications will now be described. Assume
that the C2 register holds a 24 bit number which is to be
transmitted via the D register to a selected tape unit for
recording 6 bits at a time. If a Channel 2 Clear signal
is applied to 037-32, both LO-6 and L*0-6 are cleared.
Therefore, the negative signal coming from the set out-
put terminals of L0-6 causes the tape write amplifiers
to magnetize each tape track in the same direction. As-
sume that the first 6 bits from D0-5 have a configuration
100110 (the left most bit being held by D0). D regis-
ter is gated to the input gates of the L0-5 stages, to-
gether with a generated parity from D register stage 6
to L06. The parity bit is ignored in the following dis-
cussion. Since L*0-5 is at this time cleared, A gates
37-10 through 37-15 are enabled to pass exactly the D
register stage conditions such that L8-5 now contains the
number 100110. The change in the condition of L
stages 0, 3 and 4 are shown in Table 6 below, will thus
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cause the associated tape write amplifiers to reverse the
magnetization of their associated tape tracks, with this
reversal indicating that binary I's are in this character
position.

TABLE 6
F DO-5 Stages | L*0-5 Stages | LO-5 Stuges
000000 QD000 QON00G
1., 100110 nnooo 100110
2. 011100 100110 111010
3. 103100 111010 011110
4. L0 011110 1061101
Lo 008000 QU000 o006

Subsequent to the operation above described, the con-
tents of LO-5 are gated to L*0-5 via A gates 37-25
through 37-31 such that the latter also holds a configura-
tion 100110 as indicated in row 2 of Table 6. If the D
register is now cleared and the second 6 bits from C2
register placed therein (having, for example, a configura-
tion of 011100 as indicated in row 2 of Table 6) th=
subsequent gating of the D register contents to L regis-
ter sets the L register stages 0-5 to a configuration shown
in row 2 of Table 6. This is so, since none of the signals
from D register stages 0, 4, or 5 are positive inasmuch
as the stages contain binary (’s. Thus, neither of the
A gates associated with the set and clear input terminals
of the corresponding L register stages 0, 4, and § will
be enabled so that these L register stages remain un-
disturbed., However, since in row 2 it is seen that DI
holds a binary 1, the positive signal therefrom is applied,
together with the positive signal from the clear output
terminal of L*01, enable A37-11 to set 101, thus re-
versing the magnetization of the associated tape track 5.
A similar operation occurs with respect to the setting
of L2 by the 1 bit contained in D2. Since D3 also con-
tains a binary 1, the positive signal therefrom switches
with the positive signal from the set output terminal of
L*#03 to enable A37-20 to clear 103 from its previous
set condition, Therefore, tape track 3 also reverses its
direction of magnetization, thereby indicating the writing
of a binary 1.

Subsequent to the setting of 1.0-5 to the configuration
111010, its contents are transferred back to L*¥ register
in preparation for entry of the third group of 6 bits from
the D register, which entry is assumed to be 100100 as in-
dicated in row 3. Therefore, since binary 1's are only
found in DO and D3, only L0 and L3 conditions will be
reversed, so that the L register configuration is now
011110 as shown in row 3 of Table 6. After transfer of
this L register configuration of L*, the fourth 6 bit group
from D register is applied to the L register (assumed to
be 110011 as shown in row 4). This setting of the D
register, coupled with the setting of L* to a configura-
tion of 011110, reverses the conditions of L0, L1, L4,
and L5 such that the configuration of L9-5 is now 101101,

In the event that the input-output data operation calls
for the successive recording of two or more 24 bit data
words from variable memory, the C2 register content is
replaced with the second data word and that D register
continues to supply 6 bit characters to the L register.
After all of the data words have been recorded on the
tape a Clear L signal is applied to 037-32 to clear all of
the L0-5 register stages. The reversal of magnetization
due to this final clearing at the end of a tape record is
thereby interpreted as a check mark which is used during
a subsequent read operation of the same record to enable
performance of a longitudinal parity check on drop outs.
For example, assume in Table 6 that a tape record com-
prises only one 24 bit data word from variable memory,
which is divided into four 7 bit characters (including
parity) successively recorded upon the tape. A clear
signal is applied to L rezister stages 0-5 (ignoring parity
in this example) to effect a reversal of magnetization in
cerfain of the tape tracks. When this same record of four



3,260,997

65

characters is subsequently read for entry back into the
variable memory of the computer, the L register has a
secondary function 1o perform a longitudinal parity check
on drop outs. Thus, during a tape read operation, each 6
bit character placed in D register is also gated therefrom
to L register. However, the output from the 106 stages
at this time is not allowed to write on the tape. The
transfer from L.0-6 to 1.*0-6 is also performed during the
read operation as in the write operation. When the D
register is set according to the 1 bits comprising the check
mark, which in the case of Table 6 would have a con-
figuration of 101101, this check mark is thereafter gated
to the L register. If there have been no longitudinal bit
drop outs during the read operation, the L register stages
0-6 now should be all in their clear condition. If this is
not the case, then an error is generated. O gate 37-37 is
responsive to the clear output terminals of all of the L
stages 0—6 so that the presence of a binary 1 bit in any one
of them will result in a significant positive output being
generated therefrom.

FIGURE 38 shows the line pulse generator circuits used
primarily for spacing data on a tape during a tape output
operation. The magnetic tape units associated with the
present system are characterized by their word transfer
rate of 140 microseconds per word, with such a word being
comprised of four 7 bit characters (including parity)
spaced successively along the length of a tape. There-
fore, recording and read time between successive char-
acters is approximately 35 microseconds, or seven of the
computer machine cycles. When characters are read from
a tape, there is a 35 microsecond interval between the
sensing of any reversal of magnetization on the tape in-
dicating the presence of binary 1's.

In FIGURE 38, flip-flops 38-11 through 38-16 com-
prise a counter for timing a seven machine cycle interval
between characters in a tape output operation. FF38-11
through 38-13 comprise the lower row in the counter
while FF38-14 through 38-16 comprise the upper row of
the counter. The content of each lower row flip-flop is
gated to the corresponding upper row flip-flop by one of a
scl of X gates 38-18 through 38-23, with the first three
X gales of this group sensing the clear output terminal of
their associated lower row flip-flop while the last three X
gates of this group sense the set output terminals of the
lower row of flip-fiops. The transfer between lower and
upper rows occurs at MP2 time of each machine cycle.
The condition of the lower row flip-flops 38-11 through
38-13, and thus the condition of the upper row flip-flops,
can be changed in binary progression form during each
successive machine cycle by X gates 38-24 through 38-30,
and N38-32. As shown, & gates 38-24 through 38-26
are respectively connected to the set input terminals of
FF38-11 through 33-13, while A gates 38-27 through
38-29 are respectively connected to their clear input ter-
minals. A counter advance signal is applied via N38-31
to & gates 38-24, 38-27, and 38-28 to accomplish the
actual counting operation at MPO time.

Table 7 below indicates the states of the counter flip-
flops in FIGURE 38 for eight successive machine cycles,
during which time a counter advance pulse is applied at
each MPO time and the contents of FF38-11 through
FFE38-12 are shifted upwards at MP2,

TABRLE 7

MC Pras-i1 | FF3s-14 | FF28-12 | FF38-15 | FT38-13 | FF38-16
0___._.. Cloar.....| Clear...) Clear____| Clear___.| Clear .| Clear.
1. [ AR, et Clear___.| Clear,
2. Clear..__j Clear ... Clear.__.| Clear.

[ S Het oo Seto.__. _| U'lear Ciear.
[ R Clear_...| Clear___. 8 Set.,
b Seto_.___ Set__ Set,
! 3 1 Set.
Seto____. Sef.

Clear._..} Clear .1 Clear__..| Clear
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Assume first that all six counter flip-flops are cleared, as
shown in row 0 of Table 7. 1f N38-36 now generates a
signifiicant output at MPO time, this is inverted via N38-31
and applied to the & gates shown in FIGURE 38. The
first such advance signal finds A38-24 conditioned by a
positive signal from the clear output terminal of FF38-24
conditioned by a positive signal from the clear output ter-
minal of FF38-14 so that said X gate is enabled to set
FE38-11. At MP2 time, the content of FF38-11 through
38-13 is gated to the upper row flip-flops such that
FF38-14 is now set while FF38-15 and FF38-16 remain
clear. This condition is indicated in row 1 of Table 7.
The second advance pulse at the next following MPQ time
causes A38-27 to be enabled to clear FF38-11, due to the
fact that N38-37 gencrates a positive signal from the set
condition of FF38-14. At this time also, A38-30 pro-
duces a positive output since at least one of the flip-flops
38-15 and 38-16 is cleared. A38-25 is also enabled by
this advance pulse to set FF38-12 since at this time
FF38-15 is in its cleared condition and 50 produces a posi-
tive signal at its clear output terminal. Therefore, by
MP?2 time of the second machine cycle under considera-
tion, FF38-15 is set while FF38-14 and FF38-16 are
both clear.

For each cf the succeeding machine cycles the advance
pulse causes a change in the conditions of the lower and
upper row flip-flops in accordance with rows 3 through 7
of Table 7. Tt is believed that a detailed explanation of
this change is not necessary in view of the description
aiven above. The seventh advance pulse applied to the
counting circuit results in all of the upper row of flip-flops
being set by MP2 time, as indicated in row 7. The next
following advance pulse, however, maintains FF3-14 in
its set condition while clearing FF38-15 and FF38-16.
This is dee (o the fact that the set canditions of both
FF33-15 and 38-16 canse 138-20 to generate a negative
signal which disables X38-27, so that the latter cannot
clear FF38-11 upon receipt of the next following advance
pulse. This advance pulse does enable both A38-28 and
T38-29 {o generate signals clearing FF38-12 and 38-13,
respectively.  Therefore, row 8 is the same as row 1 of
Table 7. 1f further advance pulses are received, the count
cycle repeats itsell according to rows 2 through 7, and
back to 1.

In order to enable A38-36 to generate the advance
pulses for the line pulse generator counter, the Line Pulse
Generator FF38-10 must be set. When cleared, this flip-
flop enables X38-17 to generate clear signals for flip-flops
38-11 through 37-13. FF38-10 may be set in a variely
of ways both during tape input and output operations.
For example, when a tape output operation is being
performed, the selected tape unit generates a negative
signal Start LPG as soon as it is running at its designed
operating speed. During a tape input operation, i.e. tape
characters are successively read from tape and stored
into the D register, Line Pulse Generator FF38-10 is set
as soon as a tape character enters the D register. 039-90
detects the entry of a character in D register and gen-
erates a positive signal First Bit which enables A38-64
to set the Tape Resync FF39-63. Thereafter at MPI4
time, A38-71 is enabled to set FF38-10. The first count
pulse generated from A38-36 is also used to clear FF38-
63 which will be set again by entry of the next following
tape character into the D register. However, as long as
FE38-10 is set, A38-64 is inhibited from setting FF38—
63, so that the same tape character in D register cannot
set the Tape Resync FF38-63 more than once.

A38-35 is responsive to the set condition of FF38-14
and the clear conditions of FF38-15 and 38-16 (as shown
in row 1 of Table 10) to generate a signal applied to X
gates 38-39, 38-40, and 38-41, X gate 38-35 must also
be conditioned by the F2 Output And Go signal from
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FIGURE 31 which indicates that an output data frans-
fer operation is being performed. A38-39 generates a
signal at MP4 time which inserts a parity bit into D6.
At MP6 time of the same machine cycle, A38-40 gen-
erates a signal via 038-43 which gates the contents of
D register to the L register so that the latter enables the
tape write amplifiers to record the character on the taps
tracks. At MP8 time of this cycle, A38-41 generates a
signal Out Tape Resume which first clears the D regis-
ter of the character just recorded and then initiates a
transfer into D register of the second six bit character
from C2 register.

A38-34 is responsive to the set condition of both
FF38-14 and FF38-15, and to the clear condition of
FF38-16 to generate a second enabling signal which is
applied via N38-45 to A pgates 38-46, 38-47, 38-48,
38-52, and 38-53. The enabling of A38-34 thus occurs
during the third count cycle indicated by row 3 of Table
7. In the event that an input data transfer is being per-
formed, then A38-46 at MP8 time transfers the con-
tents of D register into L register to allow the latter to
check for longitudinal drop outs as previously described.
At MP10 time, A38-47 generates the In Tape Resume
signal which is used to transfer the 6 bit character con-
tained in D register to the C2 register. At MPI1S time,
'838-52 is enabled, if the End of Record FF38-62 has
been set, to test the contents of L0-6 in order to generate
an L Parity Error signal from X38-55 in the event that
not all of the L register stages are in a clear condition.
The determination of the end of record during a tape
read operation will be subsequently discussed.

When all of the flip flops 38-14 through 38-16 are
in their set conditions, such as indicated in row 7 of Table
7, A38-33 is enabled if an output operation is being per-
formed (indicated by the presence of the F2-Output And
Go signal from FIGURE 31). The enabling of A38-33
permits A38-50 to sample D register to determine wheth-
er it contains another 6 bit character to be transferred
to the tape write amplifiers via the L register, If the D
register is empty at this time, all computer words com-
prising the record have at this time been withdrawn from
variable memory and written on the tape. Therefore,
the tape write operation now ceases until there is re-
quired another output channel 2 operation by a different
instruction Initiate F2. The output from A38-50 is ap-
plied via 038-49 to clear Line Pulse Generator FF38-10
which thus disables A38-36 from generating counter ad-
vance pulses. In addition, the output from A38-50 is
also applied via a 75 microsecond delay 38-60 to A38-61
which subsequently sets FF38-10 as well as End Of
Record FF38-62. The setting of FF38-10 again enables
A38-36 to advance the counter through one last com-
plete sequence. FF38-62, when set, thereby permits
£38-51 at MP15 time of the last count cycle (when
FF38-14, 38-15, and 38-16 are all set) to again clear
FF38-10 via (38-49 as well as to geperate a Clear L
signal which, when applied to the L register, causes the
check mark to be placed on the tape at the end of the
record. Therefore, the check mark is placed approxi-
mately 135 microseconds behind the last data character
in the record.

During a tape input operation, the ¥2-Input And Go
signal is positive instead of the F2-Output And Go sig-
nal previously considered, Therefore, A gates 38-35 and
38-33 are inhibited from providing significant negative
outputs during the counter sequencing operation. How-
ever, A33-34 responds only to the condition of flip-flops
38-14 through 38-16 and so will be enabled when these
three flip-flops are respectively in the conditions 1, 1 and
0 (see row 3 of Table 7), For this cycle of the counter,
A gates 38-46 and 38-47 are respectively enabled at
MP8 and MPI10 times as shown in FIGURE 38. The
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output from A38-46 is applied to 038-43 to gate the
tape character in D register into L register so that the
latter may perform its secondary function of longitudi-
nal parity check. Furthermore, the signa] I Tape Re-
sume from A38-47 is applied to set D FF35-10 indicat-
ing that D register now contains a 6 bit tape charac-
ter (excluding parity) which must be transferred to the
appropriate group of the C2 register stages in accordance
with the value held in D counter. During a tape input
operation, the signal from A38-34 also enables A38-52
to clear Line Pulse Generator FF38-10 via 038-49 and
N38-60. When FF38-10 is cleared, A38-17 clears all
of the counter stages 38-11 through 38-13. Therefore,
during a tape input operation the line pulse penerator
counter is not allowed to run through a complete se-
quence as is the case for a tape output operation. A38-
52 also is applied via N38-54 to A38-55 which in turn
determines if L register contains a value other than 0.
However, A38-55 is only enabled when End Of Record
FF38-62 is set. If such is the case, then the determina-
tion that any one of the L register stages is set indicates
that there has been a longitudinal parity error during the
read operation of the tape record. A38-56 is also en-
abled at the end of record to stop the selected tape unit
by generation of the various signals Clear Transmit Tape
Sequence, Set Read Stop Delay, etc.

The function of the end of record detecting circuits for
a tape read operation will now be described. End Of
Record FF38-62 is set subsequent to the reading of the
last data character in a tape record and prior to the
sensing of the check mark at the end of the record. As
mentioned before, during a tape read operation, Line
Pulse Generator FF33-10 is set by each tape character
as it enters the register, and is subsequently cleared ap-
proximately 15 microseconds later by an output from
A38-52. Since tape data characters within a record are
spaced approximately 35 microseconds apart at the nor-
mal tape operating speed, it is therefore seen that FF38-~
10 is always cleared by the time that the next subsequent
tape character is read. FF38-10 in its cleared condition
thereby conditions A38-64 to respond to the entry of the
next tape character as previously described. FF38-10
when set also enables A38-68 to produce a negative out-
put which is applied to the resettable delay circuit 38-69.
Delay 38-69 is of the type which is responsive to a nega-
tive signal leading edge to generate an output, after 75
microseconds, which is sufficient to set End of Record
FF38-62. However, if a second and succeeding nega-
tive signal leading edge is applied to the delay circuit prior
to the expiration of this 75 microsecond period, then the
output signal therefrom will be delayed for an additicnal
75 microseconds. This type delay circuit is sometimes
called a holdover circuit, and is well known in the art.
As long as data characters from a tape record are being
sensed and transmitted to the D register, the Line Pulse
Generator FF38-10 will always be set approximately
every 35 microseconds since this is the time interval be-
tween successive data characters within a record. Each
time that FF38-10 is set, A38-68 is enabled to generate
a negative signal therefrom which thereupon resets delay
38-69 and prevents a set pulse from being applied to
FF38-62. However, there is approximately a 135 micro-
second interval between the last data character of a record
and the check mark associated with that record as has
previously been described in connection with the tape
write operation. ‘Therefore, following the last data char-
acter to be read from the tape record, no negative signal
will be generated from A38-68 for at least 75 micro-
seconds. This enables the setting of FF38-62, FF38-
62, when set, applies a positive signal via N38-65 to a
100 microsecond delay 38-66 to enable A38-67 1o again
set FF38-10 in preparation for reading the check mark at
the end of the record. A38-67 must be included in the
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circuit to insure the setting of FF38-10 at this time, since
an End Of Record check mark does not necessarily have
to have any binary 1’s therein as does each of the data
characters. For example, if a check mark consists of
binary 0’s, then none of the D register stages would be
set so there would be no indication of a first bit from
034-%0. Upon FF38-10 being set for the last time, ad-
vance pulses are applied to the counter flip-flops so that
A38-52 is eventually enabled by an output from A38-34.
The negalive signal from A38-52 is applied via 038-49
to again clear FF38-10. In addition, it is applied to
A38-55 which is now enabled by the set condition of
FF38-62 to sample L register for binary 1’s in any of its
stages. Since the check mark had previously been gated
from D register to L register by the signal from A38-46,
the longitudinal parity check is now completed and an
L Parity Error indicated if L register does not have binary
0’s in all of its stages.

A description will now be given of the cooperation be-
tween the units shown in FIGURES 34 through 38 for
a Channel 2 output transfer to one of the tape units.
When such an operation is being performed under con-
trol of a number held in F2, a positive signal F2 Output
And Go is continuously generated from FIGURE 31
which is applied to, among others, A gates 35-16 and
35-17 in the D sequence control of FIGURE 35. Fur-
thermore, a negative signal is applied to 035-15 indicat-
ing that a tape unit has been selected and is waiting for
information from the computer. D Status FF35-10 is
assumed to be cleared prior to the transfer of the first
word from O register to C2 register. All flip-flops in
the D counter are also cleared at this time in preparation
for the subsequent gating of C2 register stages 0-5 into
the D register. Upon the C2 register being filled with
information from the O register, a positive C2 Full signal
is applied to the D sequence control unit. This signal
thereby enables A35-16 to set Trigger D Status FF35-11
at MP12 of a machine cycle. The output from A35-16
also generates the signal Gate C2 To D which, when ap-
plied to A36-21 causes C2 register stages 0-5 to be trans-
ferred into the D register. A35-16 also enables 1035-24
to set the D counter flip-flop 36-10 in a manner previ-
ously described. However, the cleared status of FF36-12
and 36-13 remains undisturbed at this MP12 time to
insure that A36-21 passes the Gate C2 To D signal
Since FF36-10 is set, A356-19 via N36-20 no longer gen-
erates the positive signal DK=0. Therefore, the en-
abling of A35-17 at MP14 time cannot cause A35-19 to
generate the signal DSC Output Resume. This latter sig-
nal appears only after the complete word in C2 register
has been transferred to the tape unit. However, the out-
put from A35-17 does set the D Status FF35-10 which
thereby ilerminates the positive D Empty signal from
N35-23. The positive output from the set terminal of
FF35-10 also enables A35-20 to direct a signal via
035-21 to 335-22 to clear FF35-11 at the next follow-
ing MPO time. However, as long as the D Status FF35~
10 is set, A35-16 is unable to again set Trigger D status
FF35-11.

The D register now contains the first character to be
transferred to the selected tape unit, said character being
a portion of the first 24 bit word involved in the data
output transfer. In FIGURE 38, Line Pulse Generator
FF38-10, which is initially cleared by a Channel 2 Clear
pulse at commencement of the output operation, remains
so until a negative Start LPG signal is transmitted from
the tape unit indicating that it is ready to receive a char-
acter. This negative signal sets FF38-10 which there-
after enables A38-36 to set FF38-11 at the next following
MPO time. At MP2, A38-35 is enabled by the corre-
sponding setting of FF38-14. Thus, A gates 38-39
through 38-41 now generate signals at MP4, MP6, and
MPS$ times, respectively. The signal from X38-39 in-
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serts a parity bit for the character held in D register, said
character being subsequently gated from D register to
L register by A38-40. When in the L register, the char-
acter is recorded on the tape in the manner previously
described, with “1” bits causing a reversal of the magnet-
ization. At MP8 of this machine cycle, A38-41 generates
the Out Tape Resume signal which clears D register via
035-30 and the D Status FF35-10. The clearing of
FE35-10 now permits A35-16 to be enabled at the next
following MP12 time to again set FF35-11 and gate C2
register stages 6-11 into the now empty D register. At
this MP12 time, FF36-12 is in a set condition while
FF36-13 is in a cleared condition so that a signal gate
C2 (1) To D is generated from X36-22. This signal
thereupon transmits the binary information in register
stages 6 through 11 of ihe C2 register into the D register
where they comprise the second character fo be trans-
mitted to the tape unit. In addition, the signal from
X35-16 is applied via 035-24 to advance the lower flip-
flops in D counter. At MP14 time, A gate 35-17 is
again enabled 1o set the D Status FF35-10 which there-
after remains in this condition until D register can be
emptied of the second tape character.

The line pulse generator in FIGURE 38 continues to
step through its seven cycles in a manner previously de-
scribed after which it once again returns to cycle 1. By
the time that A38-33 is enabled, it will be noted that D
register has been filled with the second tape character as
above described so that the D Empty signal from FIG-
URE 35 is negative, thus preventing A38-50 from gen-
erating a significant negative output. Consequently, there
is no output from 038-49 which in turn allows FF38-16
to be maintained in its set condition. Advance pulses
from A38-36 are thus enabled each MPQ time to step the
line pulse counter circuits through their maximum se-
quence and back to the cycle 1 as above described.
A38-35 will thereupon be enabled again in order to allow
X gates 38-39 through 38-41 to again insert a parity bit
for the second tape character which in turn is then gated
to the L register for recording on the tape. The Out Tape
Resume signal from A38-41 will again cause D Status
FF35-10 to be cleared so that the third tape character can
subsequently be placed into D register from C2 register
stages 12 through 17. The third tape character remains
in the D register until the counting stages of the line pulse
generator again recycle to a condition which enables
A38-35. When such occurs, the third tape character
from D register is again gated to L register, with the sig-
nal Out Tape Resume from A38-41 subsequently allow-
ing C2 register stages 18-23 to be gated into D register
as the fourth tape character.

The gating of the fourth tape character into D register
completes the transfer of the word held in C2 register so
that the latter may now be cleared and the second word
from variable memory transferred thereto if such is re-
quired by the input-cutput instruction. When A35-16
is enabled at MP12 time to transfer the fourth tape char-
acter into D register, the Advance DK Lower pulse from
35-24 results in both flip-flops 36-10 and 36-11 being
returned to their cleared condition, since the maximum
count of the D counter is 4, Since the output from
A35-16 also sets Trigger D Status FF35-11 at this time,
A35-17 is again enabled at MP14 time. Because now the
signal DK =0 is positive, A35-19 is enabled to generate
a significant signal DSC Output Resume which is applied
to the C2 sequence control of FIGURE 33 to inform it
that a new word may now be transferred into C2 register
from the O register. TIf subsequent words are to be trans-
ferred, the Terminate FF33-34 is at this time in its clear
condition so that the significant negative signal DSC Oul-
put Resume enables 133-15 to generate a Request Input
Output Data Transfer in Channel 2. This signal from
033-16 is directed to the priority circuits which thus ini-
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tiate a one machine cycle interruption of the main pro-
gram in order to extract the second data word from the
variable memory and place same in C2 register in the
manner before described. Since the computer is immedi-
ately able to grant the request for this interrupt operation,
then C2 register is filled with the second data word prior
to the time that A38-40 gates the fourth tape character
from D register into L register. Thus, a positive C2 Full
signal is maintained to A35-16 at the MP12 time follow-
ing the clearing of FF35-10 by A38-41. Therefore, a
signal from A35-16 again causes the information of C2
register stages 0 through 5 to be gated into D register
as the fifth tape character, with said fifth tape character
comprising a portion of the second data word to be trans-
ferred in the output operation.

When no more data words are to be transferred into
C2 register from the variable memory, then the signal C2
Full will be negative by the time that the last character
is transferred from D register to L register. In this case,

Trigger D Status FF35-11, and consequently D status -

FF35-10, cannot be set in the manner previously de-
scribed. Therefore, when the counting stages in the line
pulse generator of FIGURE 38 eventually attain a con-
dition such that A38-33 is enabled, A38-50 senses the
fact that D register is empty. A signal is generated from
A38-50 which is transmitted via O38-49 to clear Line
Pulse Generator FF38-10. The clearing of FF38-10
thereupon causes A38-17 to clear all of the stages in the
line pulse generator counter. The output from A38-50
also is supplied via the 75 microsecond delay 38-60 to
subsequently set again FF38-10 as well as setting the
End of Record FF38-62. A38-36 is now enabled once
more to apply advance pulses to the line pulse counting

stages so that upon A38-33 being enabled, the positive |

signal from the set output of FF38-62 enables A38-51 to
generate a signal at MP15 time which clears the L register
and thus records the check mark on the tape. This out-

put from A38-51 is also applied via 038-49 and N38-60

to again clear FF38-10.

A brief description will now be given of the operation
of D register, D counter, D sequence control, and Line
Pulse Generator when a select tape unit transmits infor-
mation to the variable memory of the computer. Assum-
ing that all control flip-flops in FIGURE 38 are cleared
prior to commencement of this operation, the first bit of
the first tape character to arrive in D register from the
tape read amplifiers causes 039-90 to generate a signal
enabling A38-64 to set Tape Resync FF38-63 at MP12
time. Thereafter, A38-71 is enabled at MP14 time to set
Line Pulse generator FF38-10 to initiate operation of
the line pulse generator counter flip-flops. Since a posi-
tive F2 Output And Go signal from FIGURE 31 is no
longer applied to A38-35, X gates 38-39 through 38-41
are not enabled during the input operation. However,
‘A38-34 has no such restriction on it so the A38-46,
A38-47, and A38-52 are enabled during row 3 of Table 7.
A38-41 gates the first tape character from D register into
L register so that the latter can perform its secondary
function of checking for longitudinal drop outs as previ-
ously described. A38-47 at MP10 time generates the sig-
nal In Tape eRsume which sets D Status FF35-10 indi-
cating that the D register is filled with a character wait-
ing to be transferred to the C2 register. The setting of
FF35-10 thereupon enables A35-14 to set Trigger D
Status FF35-11 to check the lateral parity of the tape
character via N35-29, to gate the contents of D register
into C2 register stages 0-5, and to advance the lower flip-
flops of thes D counter to a count of 1 in preparation for
transfer of the second tape character, subsequently to be
received, into the second group of C2 register stages.

At MP15 time following the generation of the In Tape

Resume signal from A38-47, A38-52 is enabled to clear
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FF38-10 via 038-49 and N38-60. The clearing of
FF38-10 thereby enables A38-17 to clear the counting
flip-flops 38-11 through 38-13 so that the line pulse gen-
erator counter cannot be stepped to its full count of 7.
The previous setting of FF38-10 also enabled A38-68
to commence charging of delay 38-69 which in turn will
set FF38-62 at the end of 75 microseconds unless FF38-10
is again set before that time by another tape character
entering D register. Since a record on a tape consists of
at least four characters, or a multiple thereof, the second
tape character will enter D register prior to the comple-
tion of this 75 microsecond delay so that the first bit signal
from FIGURE 34 sets FF38-63 which in turn sets again
FF38-10. The setting of FF38-10 by the second tape
character thereupon resets delay 38-69 so that the setting
of FF38-62 is postponed for at least another 75 micro-
seconds.

When FF38-10 is set, pulses from A38-36 again begin
to advance flip-flops 38-11 through 38-13 to thereafter
enable A38-46 to gate the second tape characler from D
register to L register for performance of the longitudinal
parity check, as well as generating the In Tape Resume
signal from A38-47 which in turn sets D Status FF35-10.
After FF35-10 is set, D register is gated to C2 register
stages 6-11 and the D counter is advanced.

The above operation is repeated until the fourth tape
character is gated from D register into C2 stages 18-23 by
the enabling of :X35-14 at MP12 time of a cycle. At the
next following MP14, A35-26 is enabled to generate a
signal DSC Input Resume from A35-27. This signal is
applied via 033-16 to the computer and requests it to in-
terrupt the main program for one machine cycle to trans-
fer the contents of C2 into the variable memory via the O
transfer register. DSC Input Resume also sets FF33-21
indicating that the C2 register is filled with information.

If the tape record being scanned contains a second group
of four characters (a second computer word) the line
pulse generator operates as described above to sequentially
fill the C2 register with said second group of four char-
acters. After this second group is placed in C2 register,
A35-26 again attempts to generate the DSC Input Re-
sume from A35-27. However, if the computer requires
only one word to be transferred thereto for this particular
input operation, the Terminate FF33-34 is set imme-
diately subsequent to the storing of the first word from
C2 register. Therefore, by the time that C2 register is
loaded with the second word, the negative signal from the
clear output terminal of FF33-34 prevents A35-27 from
generating the DSC Input Resume signal. If this signal
is not generated, the computer cannot be interrupted to
transfer the second word from C2 into the variable
memory.

Whenever a tape read operation is initiated, the com-
plete record must be read in order to allow a longitudinal
parity check to be performed utilizing the check mark
found at the end of each record. However, the computer
may require less words for the input operation than are
found in the record being sensed. In this case, the tape
unit operation is maintained until the check mark at the
end of the record is gated into D register for transfer to
the L register. However, all tape characters in excess of
those required by the computer cannot be gated from C2
register into the variable memory because Terminate
FF33-34 is set. The line pulse generator and the D
sequence control continue to operate in all other respects
until the last tape data character of the record is sent to
the D register and subsequently gated to L register by the
signal from A38-46. A38-52 is subsequently enabled to
clear the line pulse generator FF38-10 in the normal
fashion. The next character to be sensed following the
end of record is the check mark which follows the last
data character at approximately a 135 microsecond in-
terval. Therefore, it is entered into D register more than
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75 microseconds after FF38-10 has been cleared.
FF38-62 is consequently set to indicate the end of the
record, and a positive pulse via N38-65 is applied to the
100 microsecond delay 38—66 to insure that flip-flop 38-10
is subsequently set even thouigh the check mark may con-
tain all 0’s. The setting of FF38-10 again causes the line
pulse gencrator counter flip-flops to advance, which allows
the check mark in D register to be gated into the L register
by the output of A38-46. A38-52 is enabled in the nor-
mal fashion which clears FF38-10. The output from
7 38-52 is also supplied via N38-54 to condition A38-35
{0 serce the contents of L register, inasmuch as a positive
signal is now generated from the set output terminal of
End Of Record FF38-62. If the L register at this time
dees not contain all 0’s, then a Longitudinal Parity Error
signal is generated. Furthermore, the output from
7 38-52 is supplicd to A38-56 which in turn stops the tape
unit. When the tape unit stops, a Tape Out Drop Go
signal is applied to set the Drop Go flip-flop F2-13 in the
F2 register to subsequently clear F2-14.

3.7. Subcommand and Memory Access Control

The memory access control of FIGURE 39 provides a
variety of control signals relating to the overlap refer-
encing of the permanent and variable memories and the
arithmetic unit as regards withdrawal of instruction and
operand data words. Unless otherwise specified, the term
“permanent memory” hereafter includes the twistor input
switch, since both utilize the W and Z registers. In addi-
tion, circuits are provided for testing the legality of the
addresses contained in U*10-23. Flip-flops 39-10 and
39-11, when set, respectively indicate a referencing of the
permanent or variable memories for an operand data word
held at an address indicated by the contents of U¥10-23.
Flip-flop 39-12 is set when U*10-23 indicates that the
operand is held in the arithmetic unit. Flip-flops 39-13
and 39-14, when set, respectively indicate the referencing
of the permanent or variable memories by the address
contained in the P register. If FF39-13 is set, then
A39-25 is enabled at MP10 to transfer the instruction
from Z register to U register. Likewise, if FF39-14 is set,
then 339-26 is enabled to transfer the instruction from O
register into U register, At best, only one of the operand
fiip-flops and one of the instruction flip-flops may be set for
the duration of any machine cycle. 1f both the P register
and U*10-23 attempt to reference the same memory
(other than an “A” address) during a machine cycle, the
operand flip-flop alone is set since the execution of a cur-
rent instruction takes precedence over the acquisition of
the next instruction from memory.

All flip-flops 39-10, 39-11, 39-13, and 39-14 are un-
conditionally cleared at the end of a machine cycle by
MP15 via N39-22. Flip-flop 39-12 is unconditionally
cleared at the beginning of a machine cycle at MPO time
via N39-24. Flip-flop 39-10 may be set at MP2 time by a
significant negative output from A39-15 which is respon-
sive to the presence of positive signals respectively indicat-
ing the legality of the address held in U*10-23, the
absence of a V or A operand address, and the presence of
an Gperand Op Code in the current instruction held in
U0-5. The flip-flop 39-11 may similarly be set by an
output from A39-16 at MP2 time if the current instruc-
tion requires an operand for execution and if the U*10-23
register stages hold an address of the variable memory.
Flip-flop 39-12 is set by a significant negative output at
MP3 time from A39-17 if the address in U*16-23 is
03000 and if the Op Code of the current instruction, as
presently existing in U0-5, requires an operand for ex-
ecution of the instruction.

Flip-flop 38-13 may be set by either one of two signals
respectively emanating from X39-18 and 39-19. A39-18
is responsive at MP1 to an indication from the P register
that it holds a permanent memory address, as well as to
an indication that the current instruction does not require
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a jump in the program sequence. A39-19 is responsive
at MP2 time to an indication that there is an instruction
jump to be made, as well as to a legal permanent memory
address (other than TIS) in U*16-23. This is because a
jump instruction requires that the next instruction follow-
ing be taken from a memory location indicated by its
indexed “T” address portion. However although flip-flop
36_13 may be initially set at the beginning of a machine
cycle, any subsequent setting of flip-flop 39-10 by A39-15
clears FF39-13 so that referencing of the permanent
memory for an operand takes priority over referencing of
the same memory for the next instruction. Similarly, flip-
flop 39-14 may be set by either one of two signals coming
from A39-20 or X39-21, but only if the system is not
operating in the Real Time Mode. A39-20 is responsive
only to an indication that P register contains a variable
memory address, as well as to the absence of an instruction
jump. A39-21 requires the presence of a jump instruction
as well as the presence of a variable memory address
within U*10-23. Again, any subsequent setting of V
Operand flip-flop 39-11 by A39-16 at MP2 automatically
clears flip-flop 39-14 if the latter had also been set at
MP1. One other means for clearing flip-flops 39-13 and
39_14 is an output from A39-23 which responds at MP3
time to the grant of an input-output data transfer or in-
terrupt operation in order that a special instruction can
be forced into U register instead of the next instruction of
the main program.

In the event that an atiempt is made during the same
machine cycle to simultaneously reference the same mem-
ory for both the next instruction and a data operand, the
acquisition of the latter takes preference such that refer-
encing of the memory for the next instruction cannot
occur until the machine cycle immediately following. The
address in the P register of the next instruction cannot be
incremented by 1 until after it has been sent to the mem-
ory address register for use in referencing the memory.
Flip-flop 39-31 controls the normal incrementing of the
address in the P register by a value of 1. When FF39-31
is in a clear condition, the positive output from its clear
terminal enables A gates 39-36 through 39-39 to respec-
tively issue time sequenced signals Clear P*, P to P*, and
P*+n To P at MP3 through 6. These are sent to the
program address counter in order to increment the ad-
dress in the P register in the manner previously described.
PAC Add FF7-112 is normally clear at these times so
that 1 is added to the value. However, upon FF39-31
being set, the negative signal from its clear output ter-
minal prevents generation of the four above described
signals, FF39-31 is normally cleared unconditionally at
MPO time, but may be set in a variety of ways. One way
is by a significant negative output from A39-28 which re-
sponds to the setting of the V Operand flip-flop 39-11 by
A39-16 as well as to an indication that P register contains
a variable memory address. Additionally, an output from
A39-30 sets FI739-31 if the W operand flip-flop 39-10 is
set by A39-15 together with indications that P register
holds a permanent memory address. Also, FF39-31 must
be set during execution of certain specific instructions even
though overlap would seem possible. Any negative input
signal to 039-33 enables A39-32 at MP2 time to set
FF39-31. Some of these signals are generated during
execution times of a Repeat instruction 40 and the re-
peated instruction. Others are generated at the grant ofa
data transfer or interrupt operation, or in the event that
an illegal address is contained in U*10-23. Additionally,
FF39-31 may be set if the P address is illegal.

The circuits for determining the memory to which the
U#*10-23 address refers will now be considered, since
these form a portion of the memory access control unit
of FIGURE 39. Since an “A” operand address is repre-
sented by the octal value 03000, all three of the U* regis-
ter stages 10, 11, and 12 are cleared as has previously
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been explained. Thus, the two positive signals from the
clear output terminals of U*10 and U*11 are applied to
A39-43, and the negative signal from the set side of U*12
is inverted via N39-42 and also applied to A39-43.
A39-43 thereby generates a significant negative signal
which, when inverted via N39-44, indicates an “A” oper-
and address. If the U* register contains an operand ad-
dress in the variable memory, then both U*10 and U*11
are cleared while U*12 is set, as has previously been de-
scribed. This condition of these three U* stages indicates
that the address is in the range from 04000 to 07777.
A39-40 is thus responsive to the cleared conditions of
U*10 and U#*11 and the set condition of U*12 to generate
a significant negative output which in turn is inveried by
N39-41 and used as a positive signal enable for other
circuits. If a binary 1 value resides in either or both
U#10 and U*11, then the highest order octal digit of the
U* register address must be 1 or above, thus indicating a
location in the permanent memory. AX39-45 generates a
positive output unless both U*10 and U*11 contain binary
0’s, as evidenced by positive signals from their clear out-
put terminals.

A positive output from 39-48 indicates that a jump is
to be made in the instruction program. For the Sub-
Routine Jump and Unconditional Jump Instructions, as
well as the interrupt instruction, the jump always occurs
and a negative signal is applied to 039-48 via N39-49.
During execution of the Index Jump Instruction however,
the condition under which the jump is taken is that the
number contained in the R memory location, as specified
by the *j” portion of the index jump instruction, must not
equal —1. If Rj-}=—1 then the input to N30-46 is nega-
tive which in turn applies a positive signal to A39-47.

A39-55 generates a signal P To W—1 at MP1 time if
no jump is to be executed and if the P address is one in
the permanent memory without there also being a per-
nmanent memory address held in U*10-23. Thus, the
contents of the P register may be gated into the W ad-
dress register fo initiate an instruction reference at this
time. In like fashion, a signal P to V-1 is generated from
A39-56 at MP1 time in the absence of a jump request and
V memory address in U*10-23, if the P register holds a
V address. Furthermore, in the absence of a current in-
struction calling for an operand or a jump, the P register
address may be used to reference the permanent or vari-
able memory regardless of the value contained in
U#%10-23.  This function is provided by A gates 39-57
and 39-58, which respectively generate the signals P To
W-2 and P To V-2.
hibited by a negative output from N39-53 which in turn
requires a positive signal from 039-51. The output from
013951 is positive if a jump is requested, or if the in-
struction held in the U register requires an operand from
one of the memories for its execution.

In the event that the address in U*10-23 is used to
reference the variable or permanent memories, A39-59
and 39-60 respectively provide the signals U* To W and
U* To V. The signals are generated at MP1 time if the
U*10-23 stages have a W or V address. and if the instruc-
tion Op Code calls for either an operand or a jump func-
tion. The positive output from 039-51 is used to indi-
cate either of the latter two conditions.

Circuitry is further provided in FIGURE 39 to deter-
mine the legality of the address held by U*10-23. For
example, a significant negative output is generated from
‘A39-81 at MP3 time if it receives a positive input from
039-80. Four negative inputs can be provided to D39-80
any of which will cause the Illegal U*10-23 Address Error
signal to be generated. One of these inputs is generated
by A39-79 if the U*10-23 address references the accumu-
lator (an “A” address) for an operand when the current
instruction is one for which this is prohibited. Such in-
structions may be ascertained by reference to FIGURE 9

These signals, however, are in- i

(=11

30

40

76

wherein it is seen that instructions 20, 21, 22, 44, and 45
will generate a positive signal Illegal A Operand Address
applied to one input A39-79. There are also instructions
for which an operand should never be acquired from the
permanent memory. These instructions are any of those
in Table 2 having a higher order octal digit of 2, plus in-
structions 44 and 45. A39-78 detects the presence of
any one of these instructions in the U register, as weil
as an indication that the U*10-23 register contains a per-
manent memory address.

Another of the conditions which generates an output
from A39-81 is that occurring when the instruction re-
quires an operand, but the U*10-23 register contains an
address in the range from 34XXX to 37717, for which
there are no permanent memory locations. This range
of addresses is detected by the following circuitry. A39-62
is responsive to 1 bits in U*10, U*11, and U*12 to gen-
erate a significant negative signal if the U* address has
values of either 34XXX, 35XXX, 36XXX, or 37XXX.
This is so, since U*10 and 11 contain binary bits compris-
ing the highest order octal digit, while U*12 contains the
binary order bit of value 4 for the second highest order
octal digit. A39-69 is responsive to 1 bits in all of the
U* stages 13-17 so that a significant negative output is
generated therefrom if the U* address has the values
X37XX or X77XX. 039-67 is responsive to a binary
1 bit in either or both of U* stages 18 and 19 so as to
generate a significant positive output if the U* address
has the values of XXX2X, XXX3X, XXX4X, XXXS5X,
XXX6X, or XXX7X. By inverting the output of A39-62
and A39-69 and applying same to A39-66 along with the
output from A39-67, it is therefore seen that a significant
negative output from A-66 indicates that the U* address
is in the range of from 3772X to 37777, which are ths
address locations in the twistor input switch, If the U*
address is in this range, the negative output from A39-66
will disable any significant negative output from A39-65.
However, if the address range of the U* register stages is
between 34XXX to 37717, there is a positive output from
A39-66 together with a significant negative output from
A39-62 which thereby enables A39-65 to generate an
output indicating that the U* address refers to a non-
existent memory location. A39-77 in turn is responsive
to the negative output from A39-65 and to the command
Operand Instruction.

The fourth input to ©39-80 is derived from A39-82 if
during the execution of jump instruction there is a posi-
tive signal from 039-83. 039-83 in turn generates this
signal if the U* address is in the range of from 34XXX
to 37777 because of inputs derived from both A39-65
and A39-66. There are no instructions stored in the
TIS. Furthermore, since there are no instructions stored
in the arithmetic unit an “A” address is also illegal dur-
ing jump. Furthermore, it is illegal to acquire instruc-
tions from the variable memory if the computer is oper-
ating in the Real Time Mode, with this condition being
detected by ‘A39-84. It should be noted that the output
from A39-82 is also applied to ©39-33 thus setting the
Normal Advance PAC Lockout flip-flop 39-31 in order
to maintain the jllegal address in the P register to which
it is also transferred during the jump execution.

In connection with FIGURE 39, it should further be
noted that the negative output from A39-65 is applied to
A39-15 to prevent the W Operand flip-flop 3-10 from
being set. Also, 039-74 is responsive to either an illegal
address 34XXX to 37717 or a TIS address to disable
A39-19 from setting the W instruction FF39-13.

FIGURE 40 shows details of the skip and arithmetic
lockout control which may come into play to modify the
overlap operation when either an extended sequence oper-
ation is being performed in the arithmelic unit, or an arith-
metic Skip or Selective Sense instruction is to be exe-
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cuted. As mentioned before, an extended sequence in-
struction is one which requires more than one machine
cycle time in which to be executed. These instructions
in the present computer repertoire ate Multiply 14, Di-
vide 15, Square Root 16, and Shift 42. During the first
execution cycle for any one of these instructions, an Ex-
tended Sequence flip-flop within the Arithmetic Sequence
Control unit is set and remains so until the operation is
completed. This flip-flop is shown and described in the
above identified co-pending U.S. application Serial No,
137,805. However, as noted previously, execution of
non-arithmetic instructions can continue. Any arithmetic
instruction subsequently reference from one of the memo-
ries, during the time that an extended sequence operation
is being currently performed by the arithmetic sequence
control, causes termination of the instruction reference
cycles since all instructions must be executed in the order
acquired and such arithmetic instruction cannot be exe-
cuted in the arithmetic unit until the current extended
sequence operation is completed. In FIGURE 40, the
Arithmetic Lockout flip-flop 40-10 is unconditionally
cleared at MP3 time via N40—41 and remains in this con-
dition unless subsequently set by one of several conditions.
The setting of flip-flop 40-10 is due to a significant nega-
tive output from A40-11 at MP12 time if a positive out-
put exists from 040-12. The set condition of the Ex-
tended Sequence flip-flop applies a positive signal to
X40-13 and A40-14 such that if either an arithmetic in-
struction or a2 Load R/Store R instruction (if it requires
an “A” operand from the arithmetic unit) is placed into
the U register, then a signal wiil be generated which sets
FF40-10. A signal is also applied to 040-12 by A40--15
if a Select Sense instruction is detected from U*0-5 at
the time that an extended sequence is being performed.
Besides setting FF40-10, the output from A40-11 also
causes the transfer of the address in P* register into P
register so that the arithmetic or Load R/Store R instruc-
tion will be acquired again during the next machine cycle,
at which time the extended sequence may be terminated
so that this instruction can be performed in the arithmetic
unit. The setting of FF40-10 also causes a positive sig-
nal to be applied to A40-18 such that a Clear U0-9 is
generated from 040-19 at MP14 time to clear these U
register stages so that the instruction will not be trans-
ferred to U* and interference with the extended sequence
execution. 0O40-19 also receives another Clear U0-9
signal from FIGURE 9 which is generated if U0-5 con-
tains an illegal Op Code. 040-20 is further responsive
to the signals Clear U0-23 —1 and Clear U0-23 —2, both
from FIGURE 41 which are simultaneously applied to
040-19 to insure that the complete U register is cleared.
A40-22 is provided to stop the computer if an appropriate
match is detected in U10-23, but this function is delayed
until completion of an extended sequence operation.

If a Selective Skip instruction 41 is placed into the U
register, FF40-24 is set at MP4 time if a match is detected
between a depressed control panel button and a binary 1
bit in one of the U register stages 17-23. The setting
of FF40-24 generates a positive signal to A40-27 which
is gated at MP14 time and causes the generation of a
significant positive output from U46-34. This output is
applied via N4§-36 to set FF Skip flip-flop 40-35, and
is further applied to A40-37 to clear the P register in
the event that a positive signal is generated from O40—49.
However, a positive output is obtained from 040-40
only in the event that the system is either operating in a
repeat mode, or if the Normal Advance PAC FF39-31
is set. If a positive output is obtained from 040-49,
the setting of Skip flip-flop 46-35 also causes a signal
P#-+n To P to be generated from A40-13 at the follow-
ing MP15 time in order to calculate the address of the
instruction following the skipped instruction. A posi-
tive output from FF40-35 is always gated through
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A40-39 at MP15 time to clear the Next Instruction Lock-
out flip-fiop if such has been set due to repeat opera-
tion.

Four other conditions cause the generation of a posi-
tive output from 040-34 in FIGURE 40. These condi-
tions may or may not occur for any of the four skip in-
structions 10, 11, 12, or 13 shown in Table 2. For ex-
ample, if the instruction Equal skip 10 is being executed,
the operand specified by the address portion of this in-
struction is subtracted from an operand held in the arith-
metic unit to determine if the difference is 0, which in
turn indicates equality therebetween. Thus, after the sub-
traction in the arithmetic unit has occurred, a test is
made on the difference and if this is 0, a positive Zero
Test Enable signal is applied to A gate 40-31 which is
conditioned by the command Equal Skip. On the other
hand, if the difference is not equal to 0, then the negative
Zero test Enable signal is inverted and applied to A40-30
also responsive to the command Non-Equal Skip. The
other two skip instructions, Less Skip 12 and Greater
Equal Skip 13 are also executed in the arithmetic unit
by substracting the memory operand from the accumula-
tor operand and determining the sign of the difference.
The signal Skip Enable is positive if the accumulator op-
erand is greater or equal to the memory operand, and
negative if the memory operand is greater than the ac-
cumulator operand. A gates 40-28 and 40-29 respec-
tively respond to the commands Greater Skip and Less
Skip in order to determine if the skip conditions are met.

FIGURE 41 shows the Repeat Contrel Circuitry which
is utilized when executing both the Repeat Instruction 40,
and the repeated instruction which is acquired immediate-
lv thereafter. The Repeat Mode flip-flop 41-10 is set at
MP3 time of the machine cycle following that in which
Repeat instruction 40 is acquired. The setting of FF41-
10 produces a positive signal at ifs set output terminal and
a negative signal from its clear output terminal, with
the latter causing the periodic setting of the Normal
Advance PAC Lockout flip-flop 39-31 via 039-33.
Additionally, a Set R Memory Add Flip-Flop signal is
generated by A41-14 at the following MP7 time. Fol-
lowing the transfer of the Repeat instruction from the U
register to U* register at MP4 time, the Next Instruction
Lockout flip-flop 41-12 is set at MP12 time by A41-13.
This will make negative the signal P To V Or W Enable
to prevent the translation of the P register address. Also,
U0-23 will no longer be unconditionally cleared by
A41-24, so that the repeated instruction is retained in
U register until it has been executed the required num-
ber of times.

The instruction acquired after the Repeat instruction
40 is the instruction to be repeated a number of times ac-
cording to a value held in the R memory address loca-
tion 7. This value is normally represented by a negative
number. Fach time the repeated instruction is executed,
a 1 is added thereto. When the R memory value even-
tually equals —1, the execution of the repeated instruc-
tion ceases, and the next instruction acquired from
memory. The Terminate Repeat flip-flop 41-16 will thus
be set a significant negative output from X41-17, which
in turn responds to an indicaticn that R equals —1 from
FIGURE 16 at MP8 time during the repeat mode op-
eration. The setting of FF41-16 in turn causes the sig-
nal P* To P to be generated at the following MPI13
time from A41-18 and O41-19, which transfers into the
P register the address of the next instruction following the
repeated instruction. The positive output from FF41-16
is also gated at MP13 time to reset FF41-12 in order that
the P counter address may be translated. The negative
output from the clear terminal of FF41-16 is applied
via 041-21 to A41-22 to reset the Repeat Mode flip-flop
41-10 in the next following MPO time. MP3 uncondi-
tionally clears the Terminate Repeat flip-flop 41-16 via



3,260,997

79
N41-23, 041-19 is also responsive to A8-81 to trans-
fer P* to P when an illegal Op Code is detected in U0-S5.

If the circuitry of FIGURE 42 requests the sysiem to
execute either a data transfer or an interrupt sub-routine
during the time that a repeat mode operation is being
performed, the Interrupt Repeat flip-flop 41-32 is set
via A41-33, which also clears FF41-12 so that the P
register address can be translated to acquire from nemory
the instructions of the sub-routine. The setting of FF41-
32 thereby disables an output from A41-16, since after
execution of an input-output data transfer or an interrupt
sub-routine, the repeat mode must be resumed to con-
tinue the execution of the repeated instruction until the
number in R7 is equal to —1. If A41-33 clears FF41-12
prior to the clearing of the Repeat instruction 40 from
U#*0-5, FF41-12 will be set again at MPI12 time by
K41-13. 1In order to insure that FF41-12 remains clear
for the duration of the interrupt operation, the positive
signal from FF41-32 is applied via A41-34 at MP13 time
to again clear FF41-12, after which time this flip-flop
remains clear. The negative signal from the clear ter-
minal of FF41-32 is also applied via 041-21 and A41-22
to clear FFF41-10. After the data transfer or interrupt
has been terminated, provision is made to again with-
draw the same Repeat instruction 40 from memory at
which time the Repeat flip-flop 41-10 is again set and
the execution of the repeated instruction continued until
terminated by the value of R7=—1,

In the event that the instruction following a Repeat
instruction 40 is either another Repeat instruction 40 or
an instruction which is not repeatable, then the repeat
operation must be terminated and an error indicated.
The first Repeat instruction 40 acquired from memory is
eventually placed in the U* register, and the instruction
following is placed in U register. Thus, if the instruction
following is also a Repeat instruction 40, A41-26 senscs
this condition from both the U* and U command trans-
lator circuits at MP12 time to set Illegal Repeat flip-flop
41-25 which thereafter clears U0-23 by A41-27. At
the same time, the output signal from A41-26 is applied
via 041-28 to indicate an error, with this output further
being directed via N41-30 to set the Terminate Repeat
flip-flop 41-16 whereby the repeat mode will be termi-
nated in the manner previously described. Another way
of indicating an Illegal Repeat instructioin error and
terminating the repeat mode is if the instruction following
the Repeat instruction 40 is one which cannot be repeated
(other than a Repeat instruction 40). All instructions

which should not be repeated cause the generation from ¢

FIGURE 9 of an Iilegal Repeat command which is ap-
plied to A41-29. This A pate is also responsive to the
presence of the Repeat instruction 40 in the U* register,
as well as to the absence of the Interrupt Repeat signal, to
generate an output signal via 041-28 which indicates error
and also sets Terminate Repeat flip-flop 41-16. The in-
struction in U0-23 is now performed only once in the
usual fashion.

3.8. Interrupt and Data Transfer Control

FIGURE 42 shows the priority circuits whereby signals
arte generated interrupting the main program of the com-
puter so that either an input-output data transfer may be
accomplished using the peripheral equipment, or an in-
terrupt sub-routine may be entered for any one of sev-
eral reasons. The execution of certain types of interrupt
conditions have priority over others in the event that two
or more different kinds of interrupts are requested simul-
taneously by the system. The following Table 8 in-
dicates the relative priority of the requests.

TABLE 8
(1) IN/OUT Data Transfer Channel 2
(2) IN/OUT Data Transfer Channel 1
(3) Error Interrupt
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(4) Start Pulse Interrupt
(5) IN/OUT Channel 2 Interrupt
(6) IN/OUT Channel 1 Interrupt or External Unit In-
terrupt

The priority indicated in Table 8 is performed by the cir-
cuitry of FIGURE 42 in the following manner. Request
flip-flops 42-10 through 42-15 may be respectively set by
a signal individually requesting an operation of Table 8.
For example, FF42--10 is responsive to a signal requesting
an Input-Output Channel 2 Data Transfer. When once a
Request flip-flop 42-16 through 42-15 is set, it will remain
in this condition until cleared by a signal indicating that its
request has been granted by the system. The set output
terminals of flip-flops 42-16 through 42-15 are respec-
tively applied to the group of & gates 42-22 through
42-27, which in turn are connected to the set input ter-
minals of the Priority (1 through 6) flip-flops 42-16
through 42-21. In addition, the clear output terminals
of Request flip-lops 42-10 through 42-15 are connected
to those A gates of the group 42-22 through 42-27 which
arc associated with the Request flip-flops having lower
priority than its own. For example, the clear output ter-
minal of flip-flop 42-10, which is responsive to the highest
priority signal Request Input-Output Data Transfer
Channel 2, is connected directly to A pates 42-23, 42-24,
and via 142-28 and N42-29 to the inputs of A gates 42-25
through 42-27, In similar fashion, the clear output ter-
minal of Request FF42-11 is connected directly to
A42-24 and through A42-28 and N42-29 to A gates
42-25 through 42-27. The clear output terminals of
FF42-12 through 42-14 are likewise connected {o X gates
associated with the lower priority flip-flops.

The above described arrangement of interconnections
provides for the determination of priority between the
input signals applied to Request flip-flops 42-10 through
42-15. For example, assuming initially that all flip-flops
42-10 through 42-15 are cleared, a signal Request Input-
QOutput Data Transfer Channel 2 from FIGURE 33 will
set FF42-10, which in turn applies a positive signal to
‘X42-22 so that at the following MP¢ time, Priority 1 flip-
flop 43 is set. However, as long as Request FF42-10 is
set, none of the other A gates 42-23 to 42-27 can be
cnabled to set their corresponding priority flip-flops 42-17
through 42-21. This is so, because the negative signal
frem the clear terminal of FF42-10 insures that positive
output signals will be generated from A gates 42-23 and
42-24 no matter what the polarity of the other input
signals thercto. In addition, A42-28 maintains a positive
signal therefrom which, when inverted via N42-29, insures
that A gates 42-25 through 42-27 also generate positive
signals no matter what the values of their other input
signals. Conversely, if Request flip-flop 42-12 is the first
of the group to be set, then it disables only X gates 42-25
through 42-27, while enabling X gate 42-24 to set the
Priority 3 flip-flop. Although the setting of FF42-12
does not disable A gates 42-22 and 42-23, thus allowing
the Priority 1 or Priority 2 flip-flops to be set during a time
that Priority 3 is set, this is permissible. Therefore, the
setting of any of the Request flip-flops 42-10 through
42-15 sets its own associated Priority flip-flop 41-16
through 42-21, but prevents setting of any of the Priority
flip-flops associated with a lower priority input signal.

The set outputs from Priority flip-flops 42-16 through
42-21 are in turn gated at MP3 time via a set of A gates
42-30 through 42-35, whose output signals are utilized to
reset the corresponding Request flip-flops 42-10 through
42-15. Therefore, only when its associated priority flip-
flop is set will the Request flip-flop be cleared. The
priority flip-flops 42-16 through 42-21 are in turn uncon-
ditionally cleared at the following MP12 time via N42-36.

The setting of either the Priority 1 or Priority 2 flip-
flops 42-16 or 42-17 indicates that an Input-Output
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Transfer of a data word or words must be made on chan-
nel 1 or channel 2 respectively. Thus, the negative signal
from the clear terminal is applied via 042-37 to produce
a positive signal Data Transfer. In turn, the output from
042-37 is applied via N42-38 to 042-39 to provide the
signal Data Transfer Interrupt. In like fashion, 042-39
is also responsive to an input signal indicating that an In-
terrupt operation is granted, said input signal coming
from 042-40 via N42-41. As may be seen in FIGURE
42, 042-40 is responsive to any negative signal from the
clear output terminals of flip-flops 42-18 through 42-21.
The output from N42-41 is also applied via N42-42 to
generate a positive signal Interrupt.

Whenever an interrupt sub-routine not a data transfer
is to be performed, the execution of the main program is
interrupted for a minimum of six machine cycles, during
which time the granting of any other interrupt must be
disabled. This six machine cycle lock-out for interrupt
is performed by four flip-flops 42-45 through 42-47.
Normally, these four flip-flops are in their clear condi-
tions such that positive signals from their clear output
terminals are applied to A42-55, which is thereby enabled
at MP1 time to generate a negative output inverted by
N42-56 and applied to the set of AND gates 42-24
through 42-27. If any one of the Request flip-flops 42-12
through 42-15 is set by the time this gate signal from
N42-56 arrives, then one of the associated gates 42-24

through 42-27 will be enabled to set the corresponding °

Priority flip-flops 42-18 through 42-21. Of course, if
two or more of the Request flip-flops 42-12 through
42-15 are set, then only the highest interrupt priority
flip-flop is set. When one such interrupt priority flip-flop
is set, a positive signal is generated from N42-42 to en-
able A42-43 to generate a negative signal at the next fol-
lowing MP3 time, which in turn sets FF42-44. The
setting of FF42-44 now supplies a negative signal input
to A42-55 thus disabling it from generating a significant
negative output at the next MP1 time. Consequently, no
positive gating signal can be generated from N42-56 as
long as FF42-44 is in its set condition. In like fashion,
a negative signal from the clear output terminal of any of
the other flip-flops 42-45 through 42-47 results in a dis-
abling of gates 42-24 through 42-27.

The sequence sctting and clearing flip-flops 42-44
through 42—47 is shown in Table 9, where the MP times

of setting and clearing are given for each of the Lockout _

Enable 1, 2, 3, and 4 flip-flops in FIGURE 42.

TABLE 9
CYCLE #; MP Time Fri Fr 2 FF3 FF 4
:13 CLEAR | CLEAR | CLEAR CIéITZ’I\‘R

! lé SET SET

2 13 BET

3 11 CLEAR
T 4 9 CLEAR

5 7 CLEAR
o 8 5 CLEAR

As previously mentioned, the setting of any one of the
Priority 3 to 6 flip-flops 42-18 through 42-21 at MP1
time causes the setting at MP3 time of flip-flop 42-44.
Therefore, at MP1 time of the next machine cycle,
&42-55 is disabled from passing the MPI pulse, so that
none of the A gates 2-24 through 42-27 can be sampled
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at this time. However, MP1 is applied to A42-18 to
which is applied the positive signal from the set output
terminal of FF42-44. Thus, FF42-45 (FF3 in Table 9)
is set at this time. The positive signal output from it is
applied to X42-49 which is sampled at MP15 time of
the first lockout cycle so as set FF42-46 (FF2 in Table 9).

During the second lockout cycle, the MP13 pulse gates
at A42-50 with the positive signal from the set output
terminal of FF42-46 to set FF42-47. The positive out-
put from the set terminal of 42-47 (FF1 in Table 9) is
applied to A42-51 whose output in turn is connected to
the clear input terminal of FF42-44. Thus, at MP7 of
the third lockout cycle, FF4 is cleared by an output from
X42-51. However, A42-55 remains disabled due to the
fact that one or more of the remaining flip-flops FF3,
FF2, and FF1 is still in its set condition. Therefore, the
MP1 pulse still may not be gated to A gates 42-24
through 42-27. At machine cycle number 4, an MP9
pulse switches at A42-52 with the positive signal now
coming from the clear output terminal FF4 to clear FF3.
During cycle 5 an MP7 pulse is gated through A42-53 to
clear FF2, while during the sixth lockout cycle, an MP5
pulse is gated through £42-54 to clear FF1 (FF42-7}).
Therefore, it is not until MP1 time of the machine cycle
following the sixth lockout cycle that a sampling signal
may be generated from X42-55, which in turn will sam-
ple the contents of flip-flops 42~12 through 42-15 to de-
termine if an interrupt request has been set therein during
execution of the preceding interrupt grant. If so, then
one of the Priority flip-flops 42-18 through 42-21 may be
set to initiate execution of another interrupt, at which
time the operation of flip-flops 42-44 through 42-47 will
again cause a six machine cycle lockout as described
above.

Flip-flop 42-57, when set, indicates that the computer
is in its Real Time mode. FF42-57 may be set from
A42-58 at MPIO time upon the grant of a start pulse
interrupt as indicated by the setting of FF42-19, and by
the presence of a positive signal External Force Real
Time.

FIGURE 43 discloses circuitry responsive to the grant
of a data transfer or interrupt for forcing particular values
into certain portions of the U register. A gates 43-10
through 43-18 respectively generate set signals which are
applied to the indicated U register stages in order to set
same to values indicated in Table 10 below.

TABLE 10
Priority 8ct U0-5 Set -9 | Set T10-23
(Octal) (Decimal) (Octal)
1 45 1) S .
2 46 8 | .
3 46 15 10000
4 46 14 10010
5 46 14 10020
[} 46 14 10030

To illustrate the setting of the U register according to
Table 10 given above, assume that the operation of Data
Input Qutput Transfer in Channel 2 (priority number 1)
is granted in FIGURE 42. The positive signals Data
Transfer, Data Transfer/Interrupt, and Not Data Trans-
fer 1 are generated from FIGURE 42 and applied to cir-
cuitry in FIGURE 43. Thus, AND gates 43-10, 43-11,
and 43-15 are enabled at MP10 time to generate signifi-
cant negative outputs which set various ones of the U
register. A43-10 sets U0 and U3 to place the octal opera-
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tion code 45 therein. X gates 43-11 and 43-15 respec-
tively set U6 and U8 to place a binary value 1010 into
the index portion of the U register which has a decimal
equivalent of 10. There is no forced setting of U10-23
for either a Channel 1 or Channel 2 Data Transfer opera-
tion. In somewhat similar fashion, if a Data transfer is
requested and granted for channel 1, then only X gates
43-10 and 43-11 are energized inasmuch as the signal

Data Transfer 1 is now negative. Thus, the same opera-
tion code 45 is placed in U0-5 but only a single stage U6
is set to place a decimal value of 8 into U6-9.
Assuming now that an Error Interrupt request is
granted in FIGURE 42, the signals Data Transfer/In-
terrupt, Error Interrupt, and Interrupt are all positive
to enable X gates 43-11, 43-13, 43-15 (because Data
Transfer 1 is positive) 43-14 and 43-16 at MP10 time.
43-14 sets U0, U3 and U4 to force the octal operation
code 46 into U0-5. In addition, A43-16 sets U7 and Ull,
A43-15 sets U8, while A43-11 sets U6 to force binary
I's into all of the U6-9 registers to thereby indicate a
decimal value of 15. In addition, the setting of U11 from
A43-16 forces an address into U10-23 having the octal
value of 10000. However, if a start Pulse Interrupt is
granted in FIGURE 43, then the following operation is
observed. The Start Pulse Interrupt signal is negative but
the signals Interrupt, Data Transfer I, and Data Trans-
fer/Interrupt are positive. The Interrupt signal sets U7
via A43-16 and further sets the operation code 46 into
U0-5via A43-14. The Data Transfer Interrupt signal sets
U6 and U8. However, for this kind of interrupt, U9 re-
mains cleared so that the decimal value held by U6-9 is 14
instead of 15, as was the case for an Frror Interrupt.

Furthermore, both U1l and U20 are set, the latter from -

A43-17 in response to an output from 043-19., There-
fore, the octal address held in U10-23 is 10010. Similar-
ly, a grant of a Channel 2 Interrupt provides for forcing
the operation code 46 and the decimal value 14 into
U0-5 and U6-9 respectively, as well as the setting of
Ull and Ul9. The latter two settings therefore cause
U10-23 to contain an octal address value of 10020. The
grant of a Channel 1 Interrupt priority sets both U19
and U20 to force the address 10030 into U10-23, besides
setting U0-5 to 46 and U6-9 to 14.

FIGURE 44 shows circuitry for generating the Re-
quest Error Interrupt and Request External interrupt
signals for use in FIGURE 42, If the E register, not
forming a part of the present invention, determines that
an error has occurred for which a sub-routine should
be initiated, a positive signal applied to X44-19 is gated
through at MP15 to set FF42-12. Also, if FF44-10 is
set by a start pulse from an external unit, the positive
signal from the set terminal of FF44-10 is gated via
A44-11 at MPIO time to set FF44-12. The positive
signal from FF44-12 is gated by A44-13 to generate a
Request Start pulse Interrupt which in turn sets FF42-13,
A signal from A44-13 also is applied to clear FF44-10,
However, External Stop Pulses flip-flop 44-12 cannot be
cleared until the Start Pulse Interrupt is granted as in-
dicated by the setting of FF42-19, which in turn will
generate a Start Pulse Interrupt grant signal from A42-33
which is applied to the clear terminal of FF44-12, The
output from X44-13 also is applied to Nd44-14 for trans-
fer to the E register.

In the event that a External Interrupt signal is received
from an external unit, FF44—15 is set which in turn sets
FF44-17 at the next following MP11 time because of
A44-16. The set side of FF44-17 is applied to A44-18
to enable same at MP15 to generate a Request External
Interrupt signal applied to FF42-15. In turn, the output
from A44-18 clears FF44-15, with FF44-17 remaining
set until the External Interrupt Request is granted in
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FIGURE 42. The use of the flip-flop and gates in FIG-
URE 44 is primarily for the purpose of synchronizing
the computer and the external units.

OPERATION

FIGURES 45 through 55 are timing diagrams which
illustrate the operation of the present invention under
various conditions next to be described. In these figures,
the set condition of a control flip-flop is represented by an
“up” waveform. The content of a register during any
machine cycle or portion thereof is indicated by an ap-
propriate word or words (sometimes abbreviated) placed
beneath an “up” waveform. When the register is empty,
the waveform is “down.” In any machine cycle, the
instruction acquired from memory and placed in U regis-
ter is referred to as NI (Next Instruction), while the
instruction held in U* register which is being executed
is CL (Current Instruction). Thus, NI subsequently be-
comes CL. The digit or digits following NI and CI nor-
mally indicate the sequential nature of the memory ad-
dress locations in which the instruction words are stored.
For example, NI45 is acquired from a memory location
having an address 1 higher in value than the address
of NI44.

4.0. Overlap

FIGURE 45 is a timing diagram showing the operation
of the invention during several machine cycles when dif-
ferent memories are referenced for the instruction, and
operand. The assumption is made that the P register
contains an address location in in the variable memory at
the beginning of the first machine cycle under considera-
tion and that there is no instruction within the instruc-
tion register U or U* at commencement of this first ma-
chine cycle. At MPO time, machine cycle 1, registers
Z, O, W, and V are unconditionally cleared. This sig-
nal is followed at MP1 time by signals from both A39-56
and A39-58 either one of which transfers the contents
of P register to V register. Outputs are obtained from
both of these gates under the assumption that P register
contains a variable memory address, together with the
absence of an operand Op Code in U0-5 and the ab-
sence of a W address in U*10-23. V register now con-
tains the address of NI1. The V reference flip-flop 23—
10 is also set at MP1 time so that the location in var-
iable memory corresponding to the address held in the
V register may be read from and written into during
machine cycle 1. A signal is also generated from A39-20
to set the V Instruction flip-flops 39-14 to allow the next
instruction to be gated from the O register into the U
register later during the machine cycle. At MP2 time,
the WX shaper flip-flop 27-10 is unconditionally set,
while at MP3 time both the V Read flip-flop 23-13 and
the WY shaper flip-flop 27-11 are unconditionally set.
The seiting of the V Read flip-flop causes the variable
memory to be referenced and NI1 withdrawn therefrom
and placed into the O register. A39-36 also clears P*
register at MP3 time inasmuch as the normal advance
PAC lock out flip-flop 39-31 is cleared.

At MP4 time of machine cycle 1, the R register is un-
conditionally cleared, and A39-37 transfers P register 1o
P* register, P* register now contains the address of
NI1. Likewise at M4 time, U0-5 is transferred to U*0-5
unconditionally, but this does not change U*0-5 inas-
much as U0-5 is assumed to be cleared at the beginning

of the machine cycle. Additionally, X14-40 clears
U#6-9 which was also initially assumed to be clear at the
beginning of machine cycle 1. At MPS5 time, A39-38
clears P register of its NI1 address. At MP6 time, A39-
39 transfers the contents of P* through the address
counter, where it is incremented by 1, and into P regis-
ter such that P register now contains the address of
NI2 having a value of 1 higher than the address of
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NI1. R; to R FF16-36 is set at MP5 time and at-
tempts to reference the R memory. However, inasmuch
as U*6-9 is cleared, no lecation of the R memory is
sampled and R register thus remains empty. Flip-flop
16-36 is unconditionally cleared at MP7 time.

At MP9, A41-24 clears U0-23 because of the cleared
condition of the Next Instruction flip-flop 41-12. At
MP10, the V Write flip-flop 23-24 is set in order that NI1
can be read back into its variable memory location and
thus retained for future use. A39-26 transfers the con-
tents of the O register into U0-23 such that the U register
now contains NI1. At MP12 time, A14-29 transfers the
“7 indexing address from U6-9 to U*6-9 so that the
latter now contains the “j” address portion of the current
instruction CI1 to be executed in the next following ma-
chine cycle 2. R register is also unconditionally cleared
at MPI2 time. At MPI3 time, the R; To R flip-flop
16-36 is unconditionally set to reference the R memory
at the location indicated by the address now held in U*6-9
to withdraw the contents of R and place in the R register.
R register now contains the index number of the current
instruction which will be used to modify the “S” address
portion of NI1 to form the “T” address portion of CIL
U16-23 is also unconditionally gated to U*16-23 at this
time. At MP14 time of machine cycle 1, the V write flip-
flop 23-24 is reset, thus ending the memory cycle for the
variable memory. At MP15 time, the V instruction flip-
flop 39-14 is reset as well as flip-flop 16-36.

Assume now that the address contained in the P regis-
ter, that of NI2, still references a location in the variable
memory. Also assume that the “S” address portion of
NI1 identifies a location in the permanent memory. At
MPO of machine cycle 2, 13-95 generates a signal if the
Op Code portion of NI1 held in U0-5 is one calling for
an index operation. Thus, the contents of U10-23, hold-
ing the “S” address portion of NI1, is added to the con-
tents of R register with the sum being placed into
U*10-23. The “S” address contents of the latter register
is now replaced by the “T” address portion of the current
instruction CI1, with this address also being assumed to
reference a location in the permanent memory. Also oc-
curring at MPO time of machine cycle 2 is an uncondi-
tioned clearing of the Z, O, W, and V registers.

At MP1 time, A39-56 transfers the contents of P regis-
ter to V register, such that the latter now contains the
address of NI2. Also at MP1 time, A39-59 transfers
U*10-23 to W register so that a reference may be had
of the permanent memory to withdraw the operand utilized
during the execution of the CI1. A18-94 sets R To OR
Gates flip-flop 18-93 in order that the indexing number
held in R register may be returned to the R memory where
it is retained for future use. Also at MP1 time of machine
cycle 2, A39-20 sets the V Instruction flip-flop 39-14.
At MP2 time, A39-15 sets the W Operand FF39-10, while
the WX Shaper FF27-10 is likewise set.

At MP3 time, the V Read FF23-13 is set to enable
transfer of NI2 into O register. The WY Shaper FF27-11
is also set at MP3 time. Also A39-36 clears P* of its
NI1 address so that at MP4 time, £39-37 may transfer P
into P* with the latter now containing the address of NI2.
Also at MP4, the R register is unconditionally cleared of
the CI1 index value which has been transferred back to
R memory via the OR gates whose flip-flop 18-93 is also
cleared. In addition, U*6-9 stages are cleared by the
signal from A14-40 so that the CI1 “j” index address por-
tion is lost. At MP4 time, U0-5 is uncenditionally gated
to U#0-5, such that the latter now contains the operation
code of CI1. However, U0-5 is not cleared at this time,
so that the CI1 operation code is now contained in both
U0-5 and U*0-5 stages where it may be translated by
each of the command translator circuits associated there-
with.

At MP5, A39-38 clears the P register of its NI2 address.
Also, FF16-36 is set so that an attempt is made to refer-
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ence the R memory. However, by MP5 U*6-9 stages
have been cleared of any address so that there is no actual
withdrawal of information from the R memory at this
time. Therefore, R register remains empty. At MP6,
A39-39 transfers the contents of P* register to the P regis-
ter (via the address counter where 1 is added thereto)
such that the address of NI3 is now placed in P register.
1t is assumed for purposes of this description that P regis-
ter now holds an address indicating a location in the per-
manent memory. At MP8 of machine cycle 2, the per-
manent memory strobe FF27-12 is set to gate the CI1
operand into the Z register. The contents of Z register
may now be gated to the arithmetic unit by circuitry not
shown where it is used in the execution of CI1 according
to the Op Code held in U*0-5.

A41-24 clears U0-23 stages at MP9 times so that at
MP10 time, A39-26 gates the contents of O register into
U register, with the latter now containing NI2. O register
continues to hold NI2 so that said instruction may be writ-
ten back into the variable memory by the setting of the
V Write flip-flop 23-24.

At MP12, £14-29 gates the “j” address portion of NI2
held in U6-9 into U*6-9 where it becomes the index
address portion of CI2. At MP13, FF16-36 is set to gate
the contents of R memory (at the address held in U*6-9)
into the R register for use in modifying the *“S” address
portion of N12 presently held in U10-23 (and also in
U#10-23 by this time). At MP15, FF39-14 and FF39-10
are unconditionally cleared as well as FF16-36.

During machine cycle 3, CI2 will be executed and an
attempt will be made to reference the memory for the next
instruction NI3 whose address is now contained in the P
register. At MPO time the Z, O, W, and V registers are
unconditionally cleared. Furthermore, the Op Code con-
tained in U0-5, which is that of NI2, is assumed to re-
quire an indexing operation such that A13-95 adds the
contents of U10-23 to R register and places the sum in
U#10-23. Thus, U*10-23 now contains the *T” address
portion of CI2, which is assumed to refer to a location in
the variable memory. The P register, it will be remem-
bered, now contains the address of NI3 which is assumed
to be located in the permanent memory. Thus, at MP1,
A39-55 transfer P into W register while A39-60 transfers
U#*10-23 into the V register. At the same time, X39-18
sets the W Instruction FF39-13 so that NI3 can sub-
sequently be gated from Z register into U register. At
MP2, A39-16 sets V Operand FF39-11 indicating that
the CI2 operand is to be referenced from the variable
memory according to the CI2 “T” address portion now
held in the V register.

At MP3 of machine cycle 3, A39-36 again clears P*
preparatory to transfer of P into P* at MP4 time. At
MP4, X14-40 clears U*6-9, while A39-37 gates P into
P* so that the latter now contains the address of NI3.
U0-5 is also gated unconditionally to U*0-5 at MP4 time
such that the latter now contains the operation code for
the CI2 which is to be executed during machine cycle 3.
transfers P* to P by way of the address counter which
At MP35, P register is cleared by A39-38. At MP6, time
A39-39 transfers P* to P by way of the address counter
which increments the NI3 address to the NI4 address.
Also, during the set time of the V Read FF23-13 the CI2
operand is withdrawn from the variable memory and
placed in O register for eventual transfer to the arith-
metic unit where it is operated upon in accordance with
the CI2 Op Code. At MP§, the permanent memory is
strobed by FF27-12 to withdraw NI3 therefrom and place
same in the Z register.

At MP9, X41-24 clears U0-23, and at MP10 time
A39-25 transfers Z register contents into U0-23. U0-23
now contains NI3 which will be executed as CI3 during
machine cycle 4 next to be described. At MP12, A14-29
transfers U6-9 to U*6-9 such that the “j” index address
portion of CI3 is now contained therein. At MP13,



3,260,007

87
FF16-36 is set to reference the R memory in accordance
with this address so that the index value is transferred
into the R register. At MP15, FF39-13 and FF39-11 are
reset, as well as FF16-36.

At MPO time of machine cycle 4, Z, O, W, and V
registers are again unconditionally cleared. Assuming
that the operation code of CI3 calls for an indexing op-
eration, A13-95 adds UL0-23 to R register and places the
result in U#*10-23. It is now assumed for purposes of
this description that the CI3 “T” address portion held in
U*10-3 refers to the arithmetic unit as the location of the
operand to be used in the execution of CI3 during ma-
chine cycle 4. P register at the beginning of machine
cycle 4 is assumed to contain a permanent memory ad-
dress for NI4. Therefore, at MP1 A39-55 transfers P
into W register while A39-18 scts the W Instruction of
FF39-13. However, since U*10-23 now holds an “A”
address, there is no gating of U*10-23 into either the per-
manent or variable memory address registers. Instead,
A39-17 sets A Operand FF39-12 at MP3 time which in-
dicates to the arithmetic unit that the operand may be
found therein. Also during MP3 time, A39-36 clears P*
which is filled with the P address at MP4 time by action
of A39-37. U*6-9 is also cleared at MP4 by A14-40.
At MPS5 P register is cleared and the incremented P*
address transferred thereto at MP6 time so that the ad-
dress of NIS is calculated. Also at MP4 time U0-5 is
transferred to U*0-5 so that the latter now contains the
operation code for CI3, with said operation code still
being maintained in U0-5 until MP9 time.

At MP9, A41-44 clzars U0-23 which is subsequently
filled at MP10 time by N14 from Z register. At MP12, the
“j” index address portion from U6-9 is gated to U*6-9
for use in withdrawing the modifying index number from
the R memory and placing same in the R register.

FIGURE 45 therefore illustrates the overlap operation
of instruction, acquisition and execution where different
memories are simultaneously referenced to supply both
the next instruction and the operand of the current in-
struction. This is the normal operation of the system in
the absence of certain special instructions, subsequently
to be described, which will modify the overlap function.
It is therefore seen that the effective processing time of
most arithmetic instructions is but one machine cycle, in-
asmuch as the cycle required for the acquisition of the
instruction is performed during the same machine cycle
that the preceding instruction is being executed. Fur-
thermore, part of the indexing function for the current
instruction is performed in the machine cycle during
which it is acquired from memory, thus further increas-
ing system speed. It should be appreciated in connection
with FIGURE 45 that the W and V addresses selected for
the instructions and operands are purely arbitrary and
serve as an example designed to aid in the understanding
of the overlap circuitry previously described in detail.

4.1. Overlap inhibition

FIGURE 46 is a timing diagram showing the operation
of the invention if both the P register and the “T” ad-
dress portion of the current instruction refer to an address
in the same memory. In such a situation, the acquisition
of the current instruction operand (if such is required by
the Op Code) takes precedence over the acquisition of
the next instruction with the latter function being post-
poned until the next following machine cycle. In order
to provide a certain degree of continuity in the explanation
of the different overlap operations and modifications
thereof, it is assumed for purposes of this discussion that
FIGURE 46 commences with machine cycle 5 imme-
diately following machine cycle 4 shown in FIGURE 45.
Thus, U*-23 contains NI4 which is executed as CI4 dur-
ing machine cycle 5 of FIGURE 46. P register also con-
tains the address of NIS which is now assumed to refer-
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ence the permanent memory as does also the “S” address
portion of Ni4.

At MPO time of machine cycle 5§ in FIGURE 46, the
Z, O, W, and V registers are cleared. Also, under the
assumption that the NI4 Op Code in U0-5 requires an
indexing operation, A13-94 adds the contents of U10-23
to R register and places the sum in U*10-23, with the
latter now containing the “T” address portion of CI4 as-
sumed to indicate a location in the permanent memory.
At MP1, A39-59 transfers U*10-23 to the W register
where it is used to reference the permanent memory to
withdraw the CI4 operand later during the cycle, It will
be noted that this time however, that neither A39-55 nor
A39-57 can generate a signal to transfer the contents of
P register into W register, since negative signals are gen-
erated from both N39-54 and N39-53 because of the
presence of a W address in U*10-23 and an operand code
in U0-5, respectively. These conditions, however, do not
prevent 339-18 from setting W Instruction FF39-13 at
MP1. However, at MP2, A39-15 sets the W Operand
FF39-10 and in so doing clears W Instruction FF39-13
to prevent any entry into the U register from the Z register
at MP10 time during machine cycle 5. Also at MP2,
A39-30 sets the Normal Advance PAC FF39-31 which
in turn prevents the incrementing of the P register ad-
dress. This is so because no signals are gencrated from
A gates 39-36 through 39-39 at MP times 3, 4, 5, and 6,
respectively. Thus, P register continues to store the N15
address while P* register continues to hold the NI4 ad-
dress. The NIS address in P register will therefore be
available at the beginning of machine cycle 6 to reference
the permanent memory and withdraw NIS.

As may be observed in FIGURE 46, the remaining
operations during machine cycle 5 as regards acquisition
of the CI4 operand are similar to those described in FIG-
URE 45. For example, A41-24 clears U0-23 at MP9,
but there is no subsequent placing of new information in
this register at MP10 time inasmuch as NI5 is not acquired
during this machine cycle. The CI4 operand is withdrawn
from the permanent memory at MP8 time and placed in
Z register, but since W Instruction FF39-13 is cleared, no
pating is permitted between the Z register and the U
register. At MP12 in machine cycle 5, A14-29 transfers
the empty contents of U6-9 to U*6-9, with both there-
after remaining clear at the end of this signal. The R
register is unconditionally cleared at MP12 and an R mem-
ory strobe is attempted at MP13 by the setting of FF16—
36. However, at this time U*6-10 js empty so that a
location in R memory cannot be referenced. Thus, no
information is transferred into the R register. At MP15,
W Operand FF39-10 is clearcd.

During machine cycle 6, there is no current instruction
to be executed inasmuch as no instruction was withdrawn
from memory in the preceding machine cycle 5. There-
fore, during machine cycle 6, the only function of the
program system is to withdraw NIS from the memory
and begin the indexing operation thercof if such is re-
quired. At MPO time, A13-95 generatcs a signal to add
the contents of U10-23 1o R register, not withstanding the
fact that there is no operation code residing in UD-S.
This is so, since 09-22 generates a negative output except
when an operation code specifically prohibiting an index
function resides in U0-5. However, since U10-25 and
R register are both empty at MPO time of machine cycle
6, U*10-23 continues to remain empty even after this
addition occurs. Since P register contains a permanent
memory address, that of N15, A39-18 sets the W Instruc-
tion FF39-13 at MP1. Also, both A39-55 and A39-57
generate signals ecither of which transfers the P register
into the W register for use in referencing the permanent
memory. At MP3, 4, 5, and 6, A gates 39-36, 39-37
and 39-38 and 39-39 respectively generate signals to in-
crement the P register address by 1 so that the address
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of NI6 is calculated and placed in P register by MP6
time. These four gates are enabled during machine
cycle 6 inasmuch as the Normal Advance PAC FF39-31
is unconditionally cleared at MPO time. Also at MP4
time, U*0-5 is set with the contents of U0-5. However,
U0-5 at this time is empty such that U*0-5 is emptied
of the CIS Op Code. At MP10, A41-24 gates the Z
register into the U register, the latter now containing
Ni5. At MP12, A14-29 gates the NIS “j” address por-
tion to U*6-9 where it thereby becomes the index address
for CIS. This address references R memory and with-
draws the index number therefrom for placement in the
R register at MP13 time. Therefore, NIS will be ex-
ecuted during the next following machine cycle 7 as CIS5,
and an attempt will be made to reference a memory for
NI6 whose address is held in the P register. If different
memories can be referenced, or if no operand is required
for execution of CI5, then an overlap operation will
occur similar to that described in FIGURE 45.

4.2. Extended sequence

FIGURE 47 illustrates the operation of the invention
in the event that the arithmetic unit is executing an ex-
tended sequence instruction requiring more than one ma-
chine cycle. As noted previously, most instructions using
the arithmetic unit require only one five microsecond
machine cycle for execution. However, the multiply,
divide, square root, and shift instructions in most cases
require more than one machine cycle except where cer-
tain short cut or error conditions may be present. These
instructions are known as extended sequence instructions.
Normally, non-arithmetic instructions may be processed
by the present invention even during execution of an
extended sequence instruction, since the ASC unit neces-
sary for execution of an extended sequence instruction is
independent of the instruction register and command
translator circuits in the program unit. Therefore, after
initiation of an extended sequence operation, which may
occupy from two to thirteen machine cycles, non-arith-
metic instructions are continuously withdrawn from the
memories by the program unit, either in over-lap fashion
as indicated in FIGURE 45 or in fashion of FIGURE 46,
and executed by parts of the system other than the
arithmetic unit. However, since the arithmetic unit in
the present system is able to execute only one arithmetic
instruction at a time, the acquisition of an arithmetic in-
struction during an extended sequence requires that the
instruction referencing be discontinued until this arith-
metic instruction can be accepted by the arithmetic unit.

Again for the purpose of continuity in this description,
FIGURE 47 is shown as beginning with machine cycle 7
which is assumed to follow machine cycle 6 of FIGURE
46. Therefore, the U register is shown to contain NIS
while the P register holds the address of NI6 calculated
during machine cycle 6. Likewise, U*6-9 holds the “j”
address portion of CIS. Tt is further assumed that CIS
calls for one of the four extended sequence operations
which will require several machine cycles, beginning with
machine cycle 7, for execution in the arithmetic unit. As
noted in machine cycle 6 of FIGURE 46, the “S” ad-
dress portion of NIS is considered to reference a location
in the variable memory, while the P register holds a per-
manent memory address. At MPO time of machine cycle
7 in FIGURE 47, A13-95 again adds the conlents of
U10-23 to R register and stores the resulting “T” address
portion of CIS in U*10-23. It is here assumed that the
“T address references the variable memory so that there
will be no inhibiting of the overlap operation during ma-
chine cycle 7. Therefore, at MPI, A39-55 transfers P
register into W register, while A39-60 transfers U*10-23
into the V register. A39-18 also sets the W Instruction
FF39-13 at this time. At MP2, A39-16 sets the V
Operand FF39-11. This circuitry enables the transfer
of the acquired NI6 from the Z register into the instruc-
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tion U register later during the machine cycle 7, as weil
transfer to the arithmetic unit of the CIS operand from
the O register.

Since there is no setting of the Normal Advance PAC
FF38-31, A gates 39-36 through 39-39 are enabled dur-
ing MP times 3, 4, 5, and 6 to increment by 1 the address
in the P register, so that the latter now contains the ad-
dress of NI7. Also, the CI5 operand is withdrawn from
variable memory and placed into O register where it
will be subsequently transmitted to the arithmetic unit
and operated upon in accordance with the CIS Op Code
held both in U*0-5 and U0-5. The variable memory
contro! flip-Aops are not shown in FIGURE 47 since this
operation is similar to that shown in FIGURE 45.

During machine cycle 7, a signal is generated from the
appropriate one of X gates §-20, 9-19, 12-34, or 12-36
to set an Extended Sequence flip-flop in the arithmetic
unit, which will remain set until executicn of the instruc-
tion is completed. Therefore, a positive signal is applied
to both A gates 40-13 and 40-14 for this period of time.
Since the Op Code for CI5 is also contained in U8-5 and
represented as the NIS Op Code, the Arithmetic Instruc-
tion signal to A40-13 is also positive during machine cycle
7 such that X gate 40-13 emits a significant negative out-
put to 04¢-12 which in turn supplies a positive output
to A40-11. Howcver, A40-11 is not gated until MP12
time. Thus, since the U register is cleared at MP9 time
by an output from A41-24, there is no chance that the
extended sequence arithmetic instruction itself will cause
the setting of the Arithmetic Lockout flip-flop 40-19.
Only the first arithmetic instruction following the ex-
tended sequence instruction will cause the setting of this
flip-flop in FIGURE 40.

As mentioned above, the U register is cleared at MP9
time and the Z register transferred thereto at MP10 by
virtue of A39-5. The U register now contains NI,
which is assumed to be a non-arithmetic instruction not
requiring use of the arithmetic unit for execution. The
index number is withdrawn from the R memory at MP13
time in accordance with the “j” address held in U*6-8.
Therefore, at the end of machine cyecle 7, execution of
CI5 has been initiated and NI6 acquired from memory
which in turn will be executed during machine cycle 8
by a portion of the system other than the arithmelic unit.
1t is also assumed that the “5” address portion of Nié
refers to a variable memory location, whereas the P regis-
ter indicates a permanent memory location for NI7.

During machine cycle 8, NI6 will be executed as ClI6,
and an attempt will be made to acquire N17 unless the
same memory must be referenced simultaneously by
both U#16-23 and the P register. After indexing it is
assumed that the CI6 “T” address portion placed in
U*10-23 still requires referencing of the variable
memory. Therefore, as may be seen in FIGURD 47,
P register is gated to the W register while U*18-23 is
gated to the V register, with the W Instruction FF39-13
and the V Operand FF39-10 both being set.  Additional-
ly, the address in P register is incremenied by 1 during
MP3 to MP6 times such that it now contains the ad-
dress of NI8. The CI6 operand is withdrawn from the
variable memory and placed into the O register for use
by the system in accordance with the CI6 Op Code resid-
ing in both UB-5 and U*0-5 by MP4 time of machine
cycle 8. Additionally, at MP9 time U register is cleared
and NI7 transferred thereto from the Z register. Thus,
the functions performed by the system in machine cycle
8 of FIGURE 47 are exactly the same as performed
in machine cycle 3 of FIGURE 45 as regards acquisition
of the next instruction and execution of the current in-
struction held in the instruction register. The only dif-
ference is that the arithmetic unit is independently exccut-
ing the previous extended sequence instruction CIS as
indicated by the condition of the Extended Scquence
flip-flop. The operation of the arithmetic sequence con-
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trols in the arithmetic unit, however, do not interfere
with execution of the non-arithmetic instruction CI6 by
other parts of the system.

In order to illustrate how the overlap operation can
be inhibited during execution of an extended sequence
instruction by the arithmetic unit, it is assumed that N17
is a non-arithmetic instruction whose “S” address por-
tion refers to the variable memory. In machine cycle 9,
NI7 will be executed as CI7 since it is an instruction not
calling for use of the arithmetic unit. In addition, P
register will attempt to reference the permanent memory
lo acquire Ni8. Assuming that C17 requires indexing,
this is performed at MPO time of machine cycle 9 and the
resulting “T” address portion of CI7 placed into U*10-23.
However, although the NI7 “S” address is one in the
variable memory, it is here assumed that after indexing
the CI7 “T” address refers to the permanent memory.
Therefore, P register is inhibited from acquiring NI8
since acquisition of a current instruction operand takes
priority over acquisition of the next imstruction when
both are located in the same memory. At MPI1 time
of machine cycle 9 A39-59 transfers U*10-23 (since
CI7 calls for an operand) to the W register for use in
withdrawing the C17 operand and placement thereof in
the Z register. No gating signal is generated at MP1
time for transferring P into the W register. However,
A39-18 does set W Instruction flip-flop 39-13 at MPI1
time, with FF39-13 subsequently being cleared at MP2
tine by a generation of a signal from A39-15 to set W
Operand FF39-10. 1In addition, the signal at MP2 time
from A39-15 also cause A39-30 to set the Normal
Advance PAC FF39-31 to prevent the P register
address from being incremented. Therefore, P register
continues to hold the address of NI8 during machine
cycle 9 so that said instruction may be acquired during
the next machine cycle 10, Since there is no withdrawal
of the next instruction during machine cycle 9, the U
register, when cleared at MP9 time, remains empty so
that there can be no retreaval of an index number from
the R memory at MP13 time, The operation of the
program unit during machine cycle 9 is therefore identi-
cal to the function performed by it during machine cycle
5 of FIGURE 46, except that the arithmetic sequence con-
trol in the arithmetic unit is at this time continuing the
exccution of the extended sequence instruction CIS
initiated in machine cycle 7.

During machine cycle 10, there will be no current in-
struction present in the U* register so that the only func-
tion of the program unit is to acquire NI8 from the per-

manent memory according to the address in P register,

which remained unchanged during machine cycle 9.
This function is performed in exactly the same manner
as indicated in machine cycle 6 of FIGURE 46 such that
at MP10 time, NI8 is transferred from Z register into U
register. Also, since the Normal Advance PAC FF39-31
is reset at MPO time of machine cycle 10, the address
in P register is incremented by 1 so that the address of
NI9 resides therein by MP6 time.

It is now assumed that NI8 is an arithmetic instruction
such that its Op Code residing in U0-5 causes a positive
Arithmetic Instruction signal to be applied to A40-13 by
MPIO time of machine cycle 10. 1f the Extended Se-
quence flip-flop remains set, since execution of the ex-
tended sequence instruction has not yet been terminated,
A40-13 supplies a positive signal to A40-11 via 040-12
at time MP12 of machine cycle 16. The output from
A40-11 scts the Arithmetic Lockout FF40-10 which is
unconditionally cleared at the next following MP3 time
of machine cycle 11. In addition, the positive output
from 0O40-12 is applied through NI4-30 to disable
A14-29 from gating U6-9 to U*6-9 at MP12 time. In-
stead, the positive 040-12 output is applied to A14-38
te insure that U*6-9 is cleared by MPI2 time of machine
cycle 16. Additionally, the significant negative output
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from £40-11 causes 041-19 to transfer the contents of
P* register directly to P register, thus erasing the N9
address in P register and replacing it with the NI8 address
of P* register. There is no need to first clear P register
prior to this transfer, inasmuch as double gating is used
between P* and P as previously explained. At MPI14
time of machine cycle 10, the set condition of FF40-10
enables A40-18 to clear U register stages 0-9 via
040-19. Thus, at the end of machine cycle 10, P register
again contains the address of NI8, while U10-23 is filled
with the S address portion of NI§. U0-9 is empty.

At the beginning of machine cycle 11, U0-5 is empty
to add the contents of U10-23 to the contents of R reg-
ister. However, R register is at this time empty since
the empty condition of U*6-9 during MP13 time of
machine cycle 10 prevented the referencing of R mem-
ory. Thus, the sum is equal to the “S” address portion
of NI8. 1If it is assumed that this CI8 “S” address por-
tion refers to an address in permanent memory, then it
will be impossible for A39-55 to generate a P To W sig-
nal at MP1 time, However, since U0-5 is now empty
during MP! time of machine cycle 11, the Operand In-
struction signal from FIGURE 9 is negative such that
the output from 039-51 is also negative to thereby enable
A39-57 to generate a P To W signal which transfers the
P register into W register for use in again acquiring NI8
from the permanent memory. On the other hand, if the
CI8 “S” address portion refers to a variable memory
location, then both A39-55 and A39-57 will generate a
signal either of which causes the P register transfer into
W register. In no case is U*10-23 transferred to either
W or V register at this time, since as previously men-
tioned, there is no positive operand instruction signal gen-
erated from FIGURE 9,

Since the Normal Advance PAC FF39-31 remains
cleared during machine cycle 11, the P register address
will again be incremented by 1 during MP times 3 through
6 such that the address of the NI9 is calculated. At
MP10 time of machine cycle 11 (not shown in FIGURE
47), NI8 will again be transferred from the Z register to
the U register exactly as shown in machine cycle 10. If,
at MP12 time of machine cycle 11, the Extended Sequence
flip-flop continues to be set, then P* register will again be
transferred to P register so that NI8 will again be with-
drawn from permanent memory during machine cycle 12
time. If, however, the Extended Sequence flip-flop is
cleared by MP12 time of machine cycle 11, thus indicat-
ing that execution of the extended sequence instruction
CI35 has been or will shortly be terminated, then the Arith-
metic Lockout FF40-10 cannot be set and NI§ remains
in U register where it will be indexed and executed as CI8
during the next following machine cycle 12, Therefore,
as long as the Extended Sequence flip-flop remains set,
the program unit operates in accordance with the func-
tions indicated in machine cycles 10 and 11, after which
the arithmetic instruction NI8 may be executed by the
arithmetic unit and the instruction sequencing for NI9
continued.

It should also here be mentioned that the instruction
Load R/Store R, if requiring an operand from the arith-
metic unit, is also considered to be an arithmetic instruc-
tion such that A40-14 sets Arithmetic Lockout flip-flop
40-10. FF40-10 is unconditionally cleared at the fol-
lowing MP3 time of the next cycle in order to allow the
arithmetic instruction to again be withdrawn from mem-
ory for comparison against the Extended Sequence flip-
flop to determine if the execution of the extended se-
quence instruction is yet completed. This operation is
performed during each machine cycle until the arith-
metic unit is available to execute the next following arith-
metic instruction.

4.3. Instruction jump

FIGURE 48 is a timing diagram illustrating the opera-
tion of the invention when either an Unconditional Jump,
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Sub-Routine Jump or Index Jump instruction enters the
instruction register. In the case of the Unconditional
Jump, the “T” address portion of this instruction is em-
ployed to reference the memory for the next instruction,
and not the address held in the P register. Thus, the next
instruction to be acquired from memory may have an
address other than the one sequentially following the
address location from which the Unconditional Jump in-
struction is taken. The execution of a Sub-Routine Jump
instruction is similar to the Unconditional Jump Instruc-
tion in that its “S™ address portion (this instruction is not
indexable) is utilzied to reference memory for the next
instruction). However, the instruction address currently
held in the P register is stored in the R memory so that
upon completion of the sub-routine, the program can
revert to this instruction, which is held in a memory loca-
tion having an address sequentially following the address
of the Sub-Routine Jump instruction. For the Index
Jump instruction, its “S” address portion is used to refer-
ence memory only if the number held in R memory, at a
location indicated by the “j” address portion of the jump
instruction, is not equal to —1. At the same time, a value
of 1 is added to the index number which is thereupon
placed back into R memory for examination at some fu-
ture time by another Index Jump instruction. If the R
memory index number is equal to —1, then no jump in
the program is made and the P register is used to acquire
the next instruction following the index jump instruction.

In FIGURE 48, it is assumed for purposes of this dis-

cussion that during a machine cycle 25, the next instruc- 3

tion acquired during the cycle is an Unconditional Jump
instruction NI15 from permanent memory which is placed
in the U register at MP10. 1t is further assumed that
the CI14 being executed during machine cycle 25 requires

an operand from variable memory such that overlap oc- -

curred during machine cycle 25 in a manner theretofore
described. Therefore, at MP8 time of machine cycle 25,
the following conditions are assumed to be present:
U*10-23 contains the CI14 “T” address while U*0-5
contains the CI14 Op Code. The W register holds the
address of NI15 which is placed into the U register at
MP10 time. The P register holds the address of NI16
which was computed during MP3 through MP6 times of
machine cycle 25. P* register continues to hold the ad-
dress of NI15. The V register is assumed to hold the
“T” address portion of CI14 used to address the variable
memory and acquire the CI14 operand now located in O
register,

As stated above, NI15, which is an Unconditional Jump
Instruction, has been placed in U register by MP10 time
of machine cycle 25. This instruction is indexable so that
an index number is withdrawn from the R memory and
added to the “S” address portion with the sum being
placed into U*10-23 register as the “T” address portion
of CI15. The manner in which this indexing is accom-
plished has been described previously in connection with
the other timing diagrams. During machine cycle 26
the “T” address portion of CI15 will be used to reference
one of the memories for the next instruction to be exe-
cuted following execution of CI15. It is assumed that the
“T” address portion of CI15 refers to a location in the
permanent memory. P register also refers to a location
in a permanent memory having an address one higher
than the address from which NI15 was withdrawn. How-
ever, the “T” address portion of CI15 may refer to any
location in permanent memory or it could just as well
refer to a location in the variable memory if the system
is not operating in the Guide Mode. In FIGURE 39, the
signal Interrupt, SRJ, UCJ from the command transiator
circuits of U0-5 is positive because of the unconditional
Jump code residing therein. Therefore, the negative out-
put from N39-50 disables A39-55 from generating the
signal P To W. In like fashion, the negative signal from
N39-50 enables 039-51 to generate a positive signal which
in turn disables A39-57 from generating a signal P To W.
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Therefore, it is not possible to transfer the contents of
P register to W register during MP1 time of machine
cycle 26. However, A39-59 generates a signal U* To W
which does transfer the “T” address portion of CI1S to
the W register where it will be used to address the per-
manent memory to acquire an instruction therefrom which
is placed in the U register via the Z register. At MP2
time of machine cycle 26, A39-19 sets the W Instruction
fiip-flop because of the jump command, while A5-31
clears the P register of the NI16 address. At MP3 time,
A5-25 also transfers the contents of U*10-23 into the P
register, while A39-36 clears the P* register in prepara-
tion for transfer of P to P* occurring at MP4 time.

Regarding now the address held in both the W register
and the P register at conclusion of MP3 time, it is as-
sumed for purposes of this discussion that this address re-
fers to a location in the permanent memory wherein is
contained the NI3 instruction previously acquired during
the machine cycle 3 shown in FIGURE 45. Obviously,
the CI15 “T” address portion could refer to other instruc-
tion addresses anywhere within the permanent or variable
memories.

Returning now to machine cycle 26 of FIGURE 48, at
MP4 time A39-37 gates P to P* such that P* now con-
tains the address of NI3. At MPS, A39-36 clears P. At
MP6 time, A39-39 gates P* through the address counter
to P, with the latter now holding the address of NI4, At
MP9, U register is cleared and at MP10, A39-25 gates Z
register to U register with the latter now holding NI3.
This instruction will be executed during machine cycle 27
in a manner similar to that shown in FIGURE 45. Thus,
in recapitulation, the address of the instruction to be ac-
quired following the execution of the unconditional jump
instruction is the “T” address portion of the unconditional
jump instruction and not the number contained in the P
register. Furthermore, P and P* registers must also be
filled with this new address so that the normal instruction
sequencing operation continues for succeeding machine
cycles beginning with the address of NL

FIGURE 48 also shows machine cycles 36 and 37
wherein it is assumed that acquisition and execution of a
Sub-Routine Jump instruction occurs. Fer purposes of
this discussion, it is assumed that NI28 is a Sub-Routine
Jump instruction and has been acquired from memory
and placed in U register by MP10 time of the cycle. 1t
is further assumed that CI27 is being executed during
machine cycle 36 that U*10-23 contains the “T” address
portion of CI27. Another assumption is that the addresses
for the CI27 operand and NI28 refer to different mem-
ories so that an overlap operation has occurred during
machine cycle 36. Thus, P* register holds the NI28 ad-
dress, P register holds the NI29 address, while U*10-23
contains a variable memory address for the operand of
Ci27.

Although the “S” address portion of a Sub-Routine
Jump instruction is not indexable, an R memory reference
must still be made during MP12 and 13 times in order
that the contents of P register can be read into R memory
at a location indicated by the “/” address portion of
JI28. Thus, A14-29 gates U6-9 at MP12 time of ma-
chine cycle 36 so that at MP13 time, the content of RJ
is placed in the R register. However, at MPI5 time,
‘A16-34 now clears R register. This is so since a positive
signal from the command translator circuits of U0-5 is
applied to A16-34 indicating the presence of a Sub-
Routine Jump Op Code therein, and it is assumed for
purposes of this description that there is no skip condi-
tion present. At MPO time of machine cycle 37, A16-25
transfers the contents of P register into R register, with
the latter being placed into RJ during MP1 through MP3
time of machine cycle 37. 1t is thus seen that for
a Sub-Routine Jump instruction, the address of the next
instruction residing in P register at the beginning of a
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machine cycle will be placed into the R memory and there
kept until the subroutine is terminated. The last instruc-
tion of a subroutine program might be an Unconditional
Jump instruction having an “S” address portion equal to
0, and “j” address portion for referencing R memory at
this location. Therefore, the NI29 address would be
acquired, added to 0, and placed in U#10-23 from whence
it would be used to reference memory in order that the
main program may be reentered at the point from which
the jump occurred.

Returning now to machine cycle 27 of FIGURE 48,
the S address portion of CI28 residing in U*10-23 must
be transferred to one of the memory address registers to
withdraw the first instruction of a subroutine program.
Assume for purposes of this description that the CI28
“8” address portion references the variable memory. In
this case, A39-60 transfers U*10-23 to V register. There
is no transfer of the P register to the W register at this
time due to the disabling of both A gates 39-55 and
39-57 because of the presence of the subroutine jump
signal applied to O gate 39-48 via N39-49. The V reg-
ister now contains the “S” address portion of the sub-
routine jump instruction CI28 which is considered in the
present example as the address of N160. A39-21 also
sets V Instruction FF39-14 at MP2 time of machine
cycle 37 so that NI60 may be gated from O register to
U register at MP10 time. Additionally, A5-31 clears P
register at MP2, while A5-25 transfers U*10-23 into
P register at MP3. The P register now holds the address
of NI60 which is actually the “S” address portion of
CI28. At MP3, P* is cleared and P transferred to P*
register at MP4 in the normal manner. A39-38 now
clears P at MP5 while £39-39 transfers P* to P register
via the address counter so that P register now contains
the address of NI61, which is the second instruction of
the sub-routine program. At MP9 time, U register is
cleared and A39-26 transfers O register to U register at
MP10. All of the instructions comprising the sub-program
routine are now withdrawn from sequential address lo-
cations memory and executed in a manner identical to
withdrawnl and execution of the main program. There
may or may not be overlap during the sub-routine pro-
gram.

Machine cycles 50 and 51 of FIGURE 48 illustrate the
acquition and execution of an Index Jump instruction.
Assume that NI40 is acquired during machine cycle 50.
Further assume that it is an Index Jump instruction having
an “S” address portion referring to a permanent memory
location. Also assume that the operand of CI39, which
is executed during machine cycle 50, refers to a variable
memory location so that overlap has occurred during
machine cycle 50 and the P register now contains the
address of NI41,

Although the “S” address portion of an Index Jump in-
struction is not indexable, reference must be had to the
R memory at a location indicated by the “j” address
portion in order to determine if the number there residing
is equal to —1. This operation is initiated at MP12 time
of machine cycle 50 by the transfer of U6-9 to U*6-9
enabled by A14-29. At MP13, the contents of RJ are
entered into R register as shown in FIGURE 48, If this
number is not equal to —1, i.e., one or more of the R
register stages contains a binary 0, then the signal R=—1
generated from A16-44 will be positive. This positive
signal is inverted and then applied to N39-46 for in-
version again before application to A39-47. The presence
of an Index Jump Op Code in U register also causes a
positive signal to be applied to the other input of A39-47,
whose negative output thus indicates that the jump is
to be performed. During machine cycle 50, it is assumed
that the contents of R does not equal —1 so that a jump
will be performed during machine cycle 51 in order to
acquire an instruction from memory having an address
other than the one held by P register. At MPL5 of ma-
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chine cycle 50, A40-42 sets the R Memory Add flip-flop
17-52 since it is assumed that no skip operation is present.
The setting of FF17-52 will thereby add 1 to the contents
of R register as it is being transferred back into the
R memory during MP1 through MP3 time of machine
cycle 51,

Since it is assumed that the “S” address portion of
CI40 (the index jump instruction) references a permanent
memory location, then U*10-23 is transferred to W reg-
ister by A39-59 at MP1. X39-19 also sets the W Instruc-
tion flip-flop 39-13 at MP3 so that the next instruction
may be transferred from Z register into U register during
MP10 time. At MP2, A5-31 clears P register, and A5-25
transfers 10-23 into P register at MP3. Both P register
and W register now contain the “S” address portion of
CI40 which is here assumed to be the address location
of NI90. In order that P register will be equipped to
reference memory for NI91 during machine cycle 52, it
is now necessary to clear P*, transfer P to P*, and in-
crement P* by 1 upon its being gated back to P. There-
fore, by MP6 time of machine cycle 51, P register contains
the address of NI91. At MP10, NI90 is gated into U
register where it will be subsequently executed as CI90
during the next following machine cycle 52.

In the event that the R; content equals —1 during exe-
cution of an Index Jump instruction, then A39-47 is
disabled. Therefore, P register is in this case allowed to
reference the permanent memory for NI40 during ma-
chine cycle 51. However, a 1 would still be added to
the contents of Ry when it is rewritten back into the R
memory so as to reduce its value to 0. Thus, unlike the
Unconditional or Subroutine Jump instructions, the Index
Jump instruction is conditional upon the presence of a
number other than —1 in the referenced R memory
location.

4.4, Instruction Skip

FIGURE 49 is a timing diagram showing the opera-
tion of the invention during execution of a Selective Skip
instruction. As will be recalled, the “S” address portion
of a Selective Skip instruction is held in U10-23 where it
is compared against a control panel indication to see if the
skip condition is met. If the skip condition is met, then
the next instruction sequentially following the skip in-
struction is not executed. It is assumed for purposes of
illustration only that during machine cycle 35, NI21
acquired therein is a Select Skip instruction from the vari-
able memory. It is also assumed that CI20 being exec-
uted during machine cycle 25 has its “T” address portion
referring to the permanent memory as the location of its
operand. Therefore, overlap operation occurs during
machine cycle 35 in that both NI21 and CI26¢ operand
are acquired from two different memories.

By MP10 of machine cycle 35, NI22 is in U register with
its Op Code 41 indicating that a Select Skip is to be per-
formed. A14-28 is thereby inhibited from transferring
U6-9 to U*6-9 at MP12 time, inasmuch as No First R
memory reference is required. At MPO of machine cycle
36, A13-95 adds U10-23 to R register (now empty) to
place CI21 “S” address portion in U*10-23.

At the beginning of machine cycle 36, the P register
contains the address of NI22 which is assumed to be one
in variable memory while P* register contains the variable
memory address of NI21. Since a Select Skip operation
is neither an operand or a jump instruction, A39-58 gates
P register into V register so that NI22 will be acquired
during machine cycle 36. At this time in the machine
cycle, it is not yet known whether or not a binary 1 is
contained in the U10-23 register stage selected by the
control panel. Therefore, a memory reference is made
of the next instruction at the address sequentially follow-
ing the address of the Select Skip instruction, although
later events might prevent the execution of this instruction
during machine cycle 37. Thus, the address in P register
is incremented by 1 during MP times 3 through 6 in the
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normal manner such that at MP6 time, P register contains
the address of NI23.

Assuming that the selective skip condition is met and
that a significant negative output from A10-61 is applied
to N-26, the Selective Skip flip-flop 40-24 is set at MP4
time of machine cycle 36. The setting of this flip-flop
thereby indicates to the system that the execution of NI22
is to be skipped. Although NI22 will be placed in U
register at MP10 time of machine cycle 36, the now set
Selective Skip flip-flop 40-24 enables A40-27 to generate
a signal at MP14 time. The output from A40-27 in turn
sets Skip FF40-35 and enables A40-21 (in the absence
of an interrupt or a repeat operation) to clear U register
stages 0-9 by 040-19. Therefore, both the operation
code and “j” address portion of NI22 are cleared from U
register by MP14 time of machine cycle 38, which will
prevent execution of NI22 during machine cycle 37.

It is now possible to permit P register, during machine
cycle 37, to reference memory for NI23. This instrue-
tion will be acquired by U register at MP10 time of ma-
chine cycle 37 for execution by the system during ma-
chine cycle 38. It will be noted that in machine cycle
36, the clearing of U register stages 0-9 occurs afier ini-
tiation of an index operation upon the “S” address portion
of N122, if this instruction calls for such. The results of
this index operation are placed at MPO time of machine
cvele 37 into U*10-23 where it appears as the “T” ad-
dress of CI22. Assuming that the “T” address portion
refers to a variable memory location, and also assuming
that the address of NI23 held in P register likewise refers
to the variable memory, it is still possible to reference the
variable memory by the P register inasmuch as A39-58
generated the signal P To V in the absence of both a jump

or an operand Op Code held in U0-5. Thus, the address ;

of NI23 is gated to the V register at MP1 time of machine
cycle 37 and V Instruction FF39-14 is likewise set. There
is no gating of the contents of U*10-23 at this time be-
cause there is no positive Operand signal applied to the ap-
propriate gates in FIGURE 39. P register is incremented
by 1 during MP3 through MP6 times of machine cycle
37 so that it now contains the address of NI24 which will
be acquired, if possible, during machine cycle 38. At
MP10 time of machine cycle 37, NI23 is gated from O
register to the U register where it will be indexed, if re-
quired, and executed during machine cycle 38.
FIGURE 50 is a timing diagram showing the operation
of the invention if any one of the skip instructions 10, 11,
12, or 13 are being executed. The operation for any

one of these four instructions is similar to that described |

above in connection with the Select Skip operation, ex-
cept that the determination of the skip condition is per-
formed by the arithmetic unit instead of in the U register.
For example, the equality Skip instruction 10 requires the
skip of the next instruction when the contents of the ac-
cumulator equals the contents of the memory location
addressed by the “T” portion of the instruction. Like-
wise, the Non-Equal Skip instruction 11 requires the skip
of the next instruction when the contents of the accumu-
lator do not equal the contents of the “T” address location,
Less Than Skip instruction 12 and Greater/Equal Skip
instruction 13 respectively require the skip of the next in-
struction when the contents of the accumulator are less
than or greater than or equal to the contents at “T.!
The arithmetic unit determines the condition for skip for
these four instructions by subtracting the memory operand
from the contents of the accumulator register after which
the difference may be examined to determine its absolute
value and sign.

In FIGURE 50, machine cycle 80 is the first considered
where it is assumed that NI73 acquired therein is an
Equal Skip instruction which is placed in U register at
MP10 time. Currently being executed in machine cycle
80 is CI72, and overlap operation during machine cycle
80 is further assumed. Therefore, O register contains
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the CI72 operand. Since an Equal Skip operation is in-
dexable, this is performed commencing at MP12 time of
machine cycle 80 so that the “S” address portion of NI73
is transformed into a “T” address portion of CI73 which
is subsequently placed at MPO time into U*10-23.

It is now assumed that the “T” address portion of NI73
refers to a permanent memory address location, while the
contents of P register at MPO of machine cycle 81 refers
also to a permanent memory address location for N174.
Since any of the skip instructions now under considera-
tion requires an operand, it is seen that in machine cycle
81 the permanent memory cannot be referenced simul-
taneously by both U#10-3 and the P register. Conse-
quently, the overlap mode is inhibited during machine
cycle 81 by preventinng the transfer of P register to the
W register at MP1 time. Thus, both X gates 39-55 and
3957 are inhibited from generating the signal P because
of the presence of a permanent memory address in U*16—
23 and the presence to an Operand Op Code in U0-5.
X39-59 does, however, gate U*10-3 to W register at MP1
time of machine cycle 81. A39-18 is also enabled to set
W Instruction FF39-13 which is subsequently cleared at
MP2 time by A39-15 which is in turn enabled to set
W Operand FF39-18, Thus, W Instruction FF39-13 will
be cleared by MP10 time of machine cycle 81 so as to pre-
vent the contents of Z register from being gated into the
U register. The contents of Z register during machine
cycle 81 will contain the operand used in performing the
Equal skip instruction C173, and will be gated from Z
register to the arithmetic unit by means not shown so that
it may be subtracted from the contents of the accumulator.
A39-15 also causes £39-30 to set the Normal Advance
PAC FF39-31 at MP2 time of machine cycle 81, which
in turn prevents the incrementing of the contents of P
register during MP3 through MP6 times. Therefore, P
register continues to hold the address of the N174 during
machine cycle 81,

At MPY of machine cycle 81, the presence of a skip
instruction Op Code in U*0-5, coupled with the ubsence
of repeat mode operation, causes A7-114 to set the PAC
ADD FF7-112. This is automatically done at this time
for any of the four arithmetic skip instructions under con-
sideration. At MP9 time, U register is cleared of NI73
and thereafter remains emply because no instruction has
been acquired from memory during machine cycle 81.
By MP14 time of machine cycle 81, the arithmetic op-
eration of subtraction has been completed so that the
difference may be examined to ascerlain the presence or
absence of equality between the original accumulator con-
tents and the CI73 operand. Assuming now that there
is equality, the ZERO TEST Enable signal to A40-31 is
positive, which, when coupled with the positive Egual
Skip signal from (he command translator circuits of
U*§-5, enables an output from X46-31 to be transmitted
via 046-34 to set Skip flip-flop 40-35. The setting of
Skip FF40-35 therefore signifies that NI74 cannot be
executed. However, due 1o the inhibition of overlap oc-
curring during machine cycle 81, it is scen that the con-
tents of P register at the beginning of machine cycle 82
would normally be the address of N174 which is to be
skipped. Therefore, the signal from 40-34 at MPi4
time of machine cycle 81 also enables A40-37 to gen-
erate a Clear P signal due to the fact that a negative signal
Normal Advance PAC is applied thereto via (040-40 be-
cause of the set condition of FF39-31. As may be seen
from FIGURE 50, P is therefore cleared at MP14 time,
The setting of Skip flip-flop 40-35, coupled with an out-
put from 040-46, also enables a signal to be generated
from A40-38 at MP15 time which transfers the contents
of P* register to P register via the address counter. At
this time it will be observed that P* holds the address
of NI73. Furthermore, the setting of the PAC Add
FF7-112 at MP9 time allows the P* value to be incre-
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mented by 2 rather than 1. Thus, the value now resid-
ing in P register at the end of machine cycle 81 is the
address of NI75 rather than the address of NI74.

In machine cycle 82 P register references one of the
memories, assumed here to be the permanent memory, to
acquire NI75 and place same in U register by MP10 time
of this cycle. Since the Normal Advance PAC FF39-31
is unconditionally cleared at the beginning of each ma-
chine cycle, the NI75 address in P register can be incre-
mented by 1 during the MP3 through MP6 times of ma-
chine cycle 82. Therefore, P register will contain the
address of NI76 by the beginning of machine cycle 83.

If it is instead assumed that the CI73 operand does
not equal the accumulator number, then A40-31 will not
generate a signal at MP14 time. In this case, Skip FF40—
35 remains clear and signals Clear P and P*++n To P
will not be generated from A40-37 and 40-38, respective-
ly. Therefore, the address of NI74 in P register will not
be changed at MP14 time so that it will be available at
the beginning of machine cycle 82 to acquire NI74 from
memory and place same in the U register for execution
during the machine cycle 83. On the other hand, the
situation may arise where overlap operation during ma-
chine cycle 81 is not inhibited because the CI73 operand
is acquired from a memory different from that holding
NI74. In this case, operation during machine cycle 81
in FIGURE 50 would be quite similar to the operation
in machine cycle 36 of FIGURE 49. That is to say, if
the P register in FIGURE 50 contains an address for
NI74 in the variable memory, whereas the “T” address
portion of CI73 refers to the permanent memory, NI174
would be acquired during machine cycle 81 and placed
in U register at MP10 time. Since, in this case, the Nor-
mal Advance PAC FF39-31 would not be set, P register
will be incremented by 1 during machine cycle 81 so that
it contains the address of NI75 at the beginning of ma-
chine cycle 82. Then, if the skip condition js met by
MP14 time of machine cycle 81, only A40-21 is enabled
to clear U0-9. The absence of a significant positive sig-
nal from 040-40 (due to the clear condition of flip-flop
39-31) prevents A40-37 and A40-38 from affecting the
contents of P register at times MP14 and MP15 of ma-
chine cycle 81.

As has been made apparent, the execution of one of
the skip instructions 10, 11, 12, or 13 is quite similar to
the execution of the Selective Skip instruction 41, except
that the latter never requires an operand from memory.
Thus, it is normally possible during execution of a Se-
lect Skip instruction, according to FIGURE 49, to refer-

ence memory for a new instruction which is placed in U

register during MP10 time. Usually, the incrementing
by 1 of the address in the P register always occurs when-
ever P register is allowed to reference a memory for an
instruction. This operation is shown in machine cycle 36
of FIGURE 49. However, there may be times during
execution of the Select Skip instruction that the Normal
Advance PAC FF39-31 is set by conditions other than
have so far been described, such as an interrupt grant or
the like. In such a situation, the P register would not be
incremented by 1, but instead would retain the address
of the instruction sequentially following the Select Skip
instruction, with P* register consequently retaining the
address of the Select Skip instruction itself, If the Se-
lective Skip FF40-24 is set at MP4 time because of a skip
condition, it will be noted that the negative output from
the clear terminal of FF40-24 is also applied via 07-115
to A7-114 in order to set the PAC ADD flip-flop 7-112
at MP9 time. This operation is indicated in machine
cycle 36 of FIGURE 49 since the skip condition was as-
sumed to be met. Now, if for some reason the Normal
Advance PAC FF39-31 is also set during machine cycle
36, then the output from A40-27 at MP14 time enables
signals from A40-37 and 40-38 at MP14 and MP15 times.
Therefore, the contents of P* register would be incre-

[3

10

20

30

40

45

60

70

100

mented by 2 so that the P register at the beginning of
machine cycle 37 contains the address of the instruction
fellowing the instruction to be skipped.

4.5. Data Transfer

FIGURE 51 discloses the timing diagram for the pres-
ent invention when an input-output data transfer opera-
tion is requested to exchange information between the
computer and its peripheral equipment. In general, upon
acquisition from the computer memory of either an Initi-
ate F1 (31) or an Initiate F2 (32) instruction, the “T”
address portion of the instruction is transferred into either
the F1 or F2 register where it is utilized to control the
direction of transfer via the associated C1 or C2 register,
as well as the particular peripheral unit involved. An in-
dication that C1 or C2 can receive from or transmit a word
to the variable memory forces an Input-Output Data
Transfer instruction into the instruction register which
acts to interrupt the main program for one machine cycle
so that the variable memory can be referenced according
to an address held in R memory. More than one data
word transfer may be accomplished under the direction of
the same Initiate F1 or Initiate F2 instruction, since the
forcing of an Input-Output Data Transfer instruction into
the instruction register also references the R memory at a
particular address location therein which holds the ad-
dress in the variable memory from which the data word
is to be acquired or into which it is to be written. This V
memory address held in the R memory is incremented
each time a data word transfer is made, until it equals a
number contained in another specific R memory location.
After this, the transfer of data words under control of the
previously withdrawn Initiate F1 or Initiate F2 instruction
is terminated. Thereafter, any further data transfer re-
quires that a new Initiate F1 or Initiate F2 instruction be
acquired from memory during a normal instruction ref-
erence cycle and placed into the F1 or F2 register.

For purposes of this discussion, the first machine cycle
to be considered in FIGURE 51 is 65. During this time
the address portion of NI56, which is assumed to an Initi-
ate F2 (32) instruction, is transferred from the instruction
register to the F2 register. NI56 was withdrawn from
memory during machine cycle 64, and is thus assumed to
be present in the U register by MPO time of machine cycle
65 as shown in FIGURE 51. Since an Initiate F2 instruc-
tion is indexable, the “S” address portion of NI56 js added
to the contents of the NIS6 “J” address location of R
memory to place into U*10-23 the “T” address portion of
CIS6. 1t is also further assumed that an overlap opera-
tion occurred during machine cycle 64 so that P register
now contains the address of NI57, assumed here to be in
the permanent memory. P#* register at the commence-
ment of machine cycle 65 therefore still retains the ad-
dress of NI56.

At MPO time, the presence of an Initiate F2 operation
code in U0-5 causes A9-16 to generate a signal clearing
various units of the Channel 2 registers and Control units
such as may be found in FIGURES 31 through 38. Since
an Initiate F2 instruction is not considered to be one re-
quiring an operand from one of the memories, P register
is thereby enabled to reference the permanent memory
for NIS7 no matter what the value of the “T” address por-
tion of CI56. Therefore, at MP1 of machine cycle 65,
both X39-55 and A39-57 generate a P To W signal, either
one of which gates the contents of P register to the W
register where said contents address the permanent mem-
ory for withdrawal of NI57, Also, A39-18 sets the W
Instruction FF39-13 so as to later enable A39_25 to gate
the contents of Z into U0-23. Also at MP1 time of ma-
chine cycle 65, A9-15 is enabled to gate the contents of
U*10-22 into the F2 register, such that the F2 register
now contains the “T” address portion of CI56 which is a
thirteen bit number having a significance in F2 previously
described in connection with FIGURE 31.
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Since P register references a permanent memory for
NI57, at MP3 through MP6 times of machine cycle 65
its contents are transferred to P* register and then re-
turned via the address counter so as to calculate the ad-
dress of NI5$ in the manner heretofore described. This
function is, of course, performed by the successive ena-
bling of A gates 39-36 through 39-39. At MPS, A41-24
clears U register of NIS6 in preparation for receipt of
NI57 from the Z register. At the same time, the presence
of the Initiate F2 operation code now held in U*d-5
(transferred there from U0-5 at MP4 time) causes A31-
38 to generate a signal setting flip-flop F2-14 Go. The
signal from A31-38 is also applied via N31-39 to A31-40,
which in turn has positive inputs applied thereto from
the clear and set output terminals of F2-06 and F2-01
respectively, if it is now assumed that these two stages
indicate that the data transfer is to be made from the
computer variable memory 1o the selected output periph-

eral unit. Therefore A31-40 is also enabled at MP9 time

of machine cycle 65 to generate the signal F2-Prime Out-
put. This signal is applied to set the External Resume
FF33-19, while the positive output from the now set
flip-flop F2-14 is applied to enable A31-41 to generate
the F2 Ouiput And Go signal via N31-42. This latter
signal remains positive as long as F2-14 Go flip-flop is
set.

At MP10 time of machine cycle 65, NI57 is transferred
from Z register into U register where its “S” address por-

tion is indexed commencing at MP12 time upon transfer .

of the *I” address portion U*6-9. Thereafter, the R
memory will be referenced to withdraw an index number
for addition to the “S” address portion of NI57, thus re-
sulting in the “T” address portion of CI57 placed in U*10-
23 register at the commencement of machine cycle 66,
Due to the set condition of FF33-10 and the presence
of the F2 Output And Go signal from A31-41, A33-11 is
enabled at MP15 time of machine cycle 65 to generate a
signal therefrom. This significant negative output from

A33-11 sets the External Resume lockout FF33-12 as .

well as clearing the C Status FF33-21 if it had previously
been in a set condition. Furthermore, a signal from
X33-11 is applied via 033-13 to clear the C2 register.
Since the Terminate FF33-34 is at this time cleared, A33-
11 also enables A33-15 to generate a signal Request In/
Out Data Transfer Channel 2 which is applied to FF42—
16. Therefore, at the next following MPO time, which is
that occurring at the beginning of machine cycle 66,
A42-22 is enabled to set the Priority 1 FF42-16 which

causes an interruption of the main program in order to !

perform a data word transfer from the variable memory
to C2. From there the data word will be extracted and
sent to the peripheral unit as selected by the value held in
F2. Upon the setting of FF42-16, A42-30 resets FF42—
10 at MP3 time as indicated in FIGURE 51. 1In addition,
the now set condition of the External Resume Lockout
FF33-12 causes FF33-10 to be cleared at MP1 time.

As may be seen from FIGURE 51, the instruction regis-
ter now contains NI57 which may be executed during ma-
chine cycle 66, while P register holds the address of NIS8
which normally would be acquired during machine cycle
66 if overlap is possible. Assuming that the “T” address
portion of CI57 calls for a reference of the variable mem-
ory, while the address of NI58 is in permanent memory, it
is therefore seen that at MP1 time A39-55 transfers P
register to the W register, while A39-60 transfers the con-
tents of U*10-23 to the V register. Also, A39-18 sets
W Instruction FF39-13 which normally allows the trans-
fer of NIS8 from the Z register into the U register at
MP10 time of machine cycle 66. However, the now set
condition of Priority 1 FF42-16 generates significant sig-
nals from both 042-37 and 042-39 such that 39-23 is
enabled at MP3 time to clear the W Instruction FF39-13.
Therefore, although the permanent memory is referenced
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during machine cycle 66 so as to withdraw NI58 and place
same in the Z register, there will be no transfer of NI58
into the U register at MP10 time. At MP2 time, however,
the V Operand FF39-11 is set such that the C157 operand
in O register may be utilized in execution of CIS7.

At MP5 of machine cycle 66, the cleared condition of
FF33-10, coupled with the absence of a positive signal
(C2 Resume, causes A33-26 to clear FF33-12, At MP9,
A41-24 clears the U register of NIS7 as usual. At
MP19, an Input-Output Data Transfer Op Code 45, to-
gether with a “J” address is forced into U0-9. This func-
tion is performed by FIGURE 43 which is respensive to
the positive signals Data Transfer and Data Transfer
Interrupt from FIGURE 42 to enable A gates 43-10,
43-11, and 43-15 such that U register stages @, 3, 5, 6,
and 8§ are set. U19-23 remains empty at this time, At
MP12 X14-29 transfers U6-9 to U*6-9 so that the latter
now contains the “J” address of 10. This location in the
R memory contains a 14 bit variable memory address of
the first dala word to be transferred from the variable
memory to the C2 register, At MP13, RJ To R FF16-36
is set to transfer this 14 bit number into the R register.

The presence of the positive Data Transfer/Interrupt
signal from FIGURE 42 also enables A39-32 to set the
Normal Advance PAC Lockout FF39-31 at MP2 time
of machine cycle 66. The setting of this flip-fiop there-
upon disables the sequential operation of X gates 39-36
through 39-39 so that the contents of P* and P register
will not be changed during this cycle, Therefore, at the
commencement of machine cycle 67, P register holds the
address of NIS8 which is assumed, for the purposes of
this discussion, to be one in the permanent memory.
During machine cycle 67, the variable memory is ref-
erenced at a location indicated by the number held in R
register, so that it will be possible to reference permanent
memoery for NIS8.

At MPO of machine cycle 67, A13-95 causes the addi-
tion of U10-23 (empty) to the contents of R regisier,
with the sum begin placed in U*10-23. Therefore, the
content of U*10-23 at the commencement of machine
cycle 67 is the same number as that in R register, which
refers to a location in the variable memory holding the
first data word to be transferred to the output unit. At
MPI1 time, A39-60 transfers U*10-23 to the V register
in the same way that an operand reference is made in
the normal operation of the system. A39-55 is also en-
abled to transfer the contents of P register to the W reg-
ister, while A30-18 sets the W Instruction FF39-13. At
MP2 time, A39-16 sets the V Operand FF39-11 in the
normal fashion. Therefore, NI38 is read from the per-
manent memory and placed into the U register, while the
first data word to be transferred is read from variable
memory and placed into O register. Also, since Priority
1 FF42-16 js unconditionally cleared at MP12 time of
machine cycle 66, and since there is no inhibition of over-
lap during machine cycle 67, Normal PAC FF39-31 re-
mains cleared to enable the address in P register to be
incremented by 1 to the address of NI59. This latter
function is accomplished by the successive generation of
signals at MP3-MP6 times by respective A gates 39-36
through 39-39,

At MP4 of machine cycle 67, the input output code 45
now held in U0-3 is transferred unconditionally to U#0-5
as shown in FIGURE 51. It will be remembered that
U*6-9 already contains 3 decimal address of 10 indicated
by the set condition of U6 and U8. Since the operation
code 45 is still held in U0-5 at this time, a negative signal
is generated by N9-11 which prevents the clearing of
U#6-9 by A14-40 at MP4 of machine cycle 67. Instead,
A14-34 is enabled at MP4 to set U* which changes
U#6-9 contents from decimal 10 to decimal 11. R reg-
ister is unconditionally cleared at MP4 time, however,
in order to erase the contents previously extracted from
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R memory location 10. Since the RJ To R FF16-36 is
unconditionally set at MP5 time, R memory is now ref-
erenced at location 11 to withdraw a number therefrom
and place same into the R register. This number from
R memory location 11 specifies a variable memory ad-
dress location which is that holding the last data word
to be transferred under control of the present contents
of F2 register. If the contents of R Memory location
10 now held in U*10-23, are equal to the contents of
R Memory location 11, now held in the R register, this
indicates that all of the data words have been transferred
and that the input-output operation may cease. During
MP15 of machine cycle 66, A9-10 is enabled to set the
R Memory Add FF17-52 so that the original content
of R10 is incremented by 1 as it is written back into R
memory during MP1 through MP3 time of the next fol-
lowing machine cycle 67, Therefore, each time that the
contents of R10 are acquired from R memory, a dif-
ferent number increased by 1 is placed back into R10
so that eventually equality will be detected between the
contents of R10 and R11. This comparison is done by
circuits of FIGURE 20 in a manner heretofore described,
However, it is now assumed that equality is not present
in machine cycle 67 between the contents of R10 and R11
so that further data word transfers must be performed
under control of the F2 register. Therefore, as soon as
the external unit empties register C2 of the first data
word, a request will be made to initiate another input-
output data transfer operation which, when granted, will
thereupon reference the variable memory at the address
held in R10 to acquire the second data word to be trans-
ferred. The contents of R10 will thereafter be incre-
mented by 1 and replaced in R10 with this procedure
continuing until equality is detected between R10 and R11,

At MP9 time of machine cycle 67, X41-24 clears the
U register of the input output code 45 and RJ address
of 10 in preparation for a transfer of NI58 from Z register
thereto. This occurs at MP10 time as shown in FIGURE
51. Furthermore, data word 1, now residing in O regis-
ter, is transferred to C2 register by the following cir-
cuitry. The set condition of U*8 indicates that a channel
2 transfer operation is begin performed. The positive
signal thus generated from the set output terminal of
U*8, coupled with the positive signals F2-Output and
Instruction 45, enable A12-26 to emit a significant nega-
tive output which, when inverted, enables A12-25 to
generate a signal Channel 2 Ready at MP9 time of ma-

chine cycle 67. This signal in turn is applied to & gates

2-10 to 32-34 to gate the contents of O register into

C2 register from whence they are available to be trans-
mitted to the output unit. In addition, the Channel 2
Ready signal from FIGURE 12 is applied via N33-20
to A33-19, having its other input signal positive because
of the set condition of F2-14. Therefore, C Status
FF33-21 is set at MP9 time of machine cycle 67 which
in turn enables A33-22 to generate a C2 Ready signal
via 033-24. This C2 ready signal is transmitted to the
selected external unit and indicates to it that C2 register
now contains a data word which may be sampled by the
output unit at its leisure. In the meantime, the main
program continues in normal fashion such that NI58 now
held in the U register is indexed, if required, and exe-
cuted during machine cycle 68, with further instructions
being acquired in sequence and executed until the output
unit requests the second data word. This request for the
second data word is indicated by either a positive signal
C2-Resume (from a 24 bit capacity external unit) applied
to N33-25, or by a negative signal DSC Output Resume
if a 6 bit unit (tape or typewriter) is selected. In the
case of the former, after inversion by N33-25 and
N33-33, a positive signal is applied to A33-32, which in
turn switches with the positive signal F2-Go and a posi-
tive signal from the clear output terminal of FF33-12.

et

10

30

40

60

65

-1
&

104

Since the unit may generate a positive C2 Resume signal
at various times within a computer machine cycle a series
of machine pulses 1, 5, 9, and 13 are provided in order
to insure that the positive C2-Resume signal does not
disappear before A33-32 can be clocked. Therefore,
A33-32 will be enabled to generate a signal sometime
during a machine cycle in which the C2-Resume is pro-
vided in order to set FF33-10. Setting of this flip-flop
will enable A33-11 to generate a signal at the next fol-
lowing MP15 time which in turn sets External Resume
Lockout 33-12, clears the C2 register via 033-13, and
clears FF33--21 which indicates now that C2 register is
emptied of the first data word. In addition, the signal
from A33-11 enables A33-15 to request another input-
output data transfer on channel 2 which is applied to
the priority circuits and causes the setting of Priority 1
FF42-16 in the manner previously described in connec-
tion with machine cycle 66 of FIGURFE 51. With the
setting of Priority 1 flip-flop 42-16, the main program
is again interrupted in exactly the same way as shown
in machine cycles 66 and 67. The second data word is
found in the variable memory address having a value 1
more than the address holding the first data word. An
interruption of the next instruction acquisition will occur
for one cycle to allow the forcing of the input-output code
45 into the instruction register and the subsequent trans-
fer of the second dala word from O register to C2 reg-
ister. This operation is therefore repeated until the con-
tent of R Memory location 10 is equal to the content of
R Memory location 11.

It is now assumed for purposes of this discussion that
only two data words may be transferred under the control
of the number placed in F2 register during machine cycle
65 of FIGURE 51. Therefore, the initial content of R
memory location 10, as withdrawn during machine cycle
66, is 1 less in value than the content of R11. Therefore,
the transfer of the initial R10 content through the R
address counter in machine cycle 67 causes a number
equal to the contents of R11 to be written back into R10
during MP1 through MP3 times of machine cycle 67.
Thereafter, upon request by the output unit for the second
data word, the referencing of the R memory location 10
causes the second data word to be withdrawn from a
variable memory address having the same value as that
held in R memory location 11. Assuming now that the
request for the second data word is made of the comput-
ing system during machine cycle 70, it will be seen that
during machine cycle 71 the input output code 45 is
forced into the U register where it is also present during
machine cycle 72 which is that in which the variable
memory will be referenced for the second data word.
Thus, FIGURE 51 shows a portion of machine cycle 72
beginning at MP4 time in which it is assumed that the
input output code 45 is present in the U register, and that
the content of R Memory 10 has been placed in U*10-23
where they were used at the beginning of machine cycle
72 to initiate reference of the variable memory for the
second data word. At MP4 time of machine cycle 72,
U*6-9 contents are changed from 10 to 11 in the same
manner as shown at MP4 time of machine cycle 67.
The R memory is now referenced at location 11 so that
its contents are transferred to R register and compared
with the contents of R10 now residing in U*10-23.
Under the assumption given above, the numbers held in
U*10-23 and in the R register are now equal so that a
positive signal is generated from N20-11. This signal
in turn is applied to A12-31 having other inputs thereto
the same as those applied to A12-26. Therefore, at MP8
time of machine cycle 72, A12-31 generates a significant
signal Terminate Channel 2 which sets the Terminate flip-
flop 33-34.  As in machine cycle 67, £12-26 also gen-
crates a continuous significant negative output so that
A12-25 generates a Channel 2 Ready signal at MP9 time
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of machine cycle 72. This signal gates the second data
word from the O register to C2 register and sets the C
Status FF33-21 to indicate that C2 register is again filled
with information. The other operations during machine
cycle 72 are exactly similar to those in machine cycle 67.
Subsequent to completion of machine cycle 72, execution
of the main program instructions continues as before
until the output unit receives the second data word held
in C2 and transmits a request to the computer system for
a third data word.

Assume now that a positive C2-Resume signal is sup-
plied during machine cycle 76 so that the External
Resume FF33-10 is again set by at least MP13 time.
Thus, at MP15 time, A33-11 sets FF33-12, clears C2
register, and clears C Status FF32-21. However, since
the Terminate FF33-34 is now set, no signal is generated
by &33-15 at this time. Therefore, FF42-10 cannot be
set in the priority unit. Instead, the output from A33-11
at MP15 time of machine cycle 76 is gated through A33-35
in order to set the Drop Go flip-flop in the F2 register.
The setiing of this flip-flop thereupon causes A31-47 to
clear the F2-14 Go flip-flop at the next MP1 time in
machine cycle 77. At MP3 time of machine cycle 77,
N31-51 is now enabled by the cleared condition of F2-14
to clear F2—13. The clearing of F2-14 thereby termi-
nates the positive signals F2-Go, and F2 Output And Go,
Terminate FF3-31 remains set until another Clear in-
out Channel 2 signal is received from FIGURE 9, which
occurs only when an Initiate F2 instruction is withdrawn
from memory and placed into the U register in some
future NI acquisition cycle.

Tn recapitulation, it may be said that the transfer of
one or more data words under control of a number held
in the F2 register is interspersed with the acquisition and
exccution of the main program instructions. Upon acqui-
gition of an Initiate F1 instruction from memory, ex-
aclly the same procedure applies to transfer of informa-
tion between the computer and C1 register as has been
described in connection with channel 2. Therefore, no
detail description will be given of the data transfer in
channel 1 since it should be obvious from the preceding
descriptions.

4.6. Interrupt

FIG. 52 is a timing diagram showing the operation of
the invention when the computer is requested to interrupt
the main program due to the setting of one of the Request
Interrupt flip-flops 42-12 to 42-15. This operation is
similar to that previously described in connection with
the sub-routine jump, in that the main program is inter-
rupted so that a sub-routine program can commence
whose first instruction address is specified by “S” address
portion of the Interrupt instruction. Also, the next in-

struction address held in P register is stored in the R .
memory at the location indicated by the “J” address por- ‘

tion of the Interrupt instruction, so that upon termination
of the interrupt sub-routine, the system returns to the main
program. An Interrupt instruction may be programmed,
i.e., an instruction with Op Code 46 may be stored within
one of the memories, but is normally generated by the
main control as required. The latter technique is the
one illustraied in FIGURE 32, which specifically shows
the execution of an Interrupt instruction generated be-
cause of error detection by the E register. However, the
exccution of all other types of Interrupt instructions is
similar to the execution of the Error Interrupt, except
for the specific values utilized in the “J” and “S” address
portions of the Interrupt instruction.

Referring first to FIGURE 42, the generation of an
Error Interrupt signal from the E register causes A44-19
to set FF42-12 which requests the priority circuits for
an interruption of the main program to perform an error
sub-routine. The setting of FF42-12 is here assumed to
occur in some machine cycle prior to machine cycle 97
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which is the first to be shown in FIGURE 52. The opera-
tion of the priority circuits, as regards lockouts of six
machine cycles, has previously been described in connec-
tion with FIGURE 42. Assuming now that by MPQ time
of machine cycle 97 an error interrupt priority may be
granted, it is noted that A42-24 sets the priority 3
FF42-18 at MP1 time of machine cycle 97 in FIGURE 52.

1t is further assumed in connection with machine cycle
97 that during machine cycle 96, NIS6 had been with-
drawn from memory and placed in the U register for
execution during machine cycle 97 as C156. Therefore,
at commencement of machine cycle 97, it is seen that
U0-23 holds NI56 while U*6-9 holds the CIS6 “J” ad-
dress. In addition, assuming that NI5S6 is indexable, then
R register holds the index number which is added to
U10-23 at MPO time of machine cycle 97 in order to
place into U#10-23 the CI56 “T” address portion. It is
assumed that this address refers to the permanent mem-
ory in which is stored the operand to be used during the
execution of CI56 in machine cycle 97. Tt is also further
assumed, for purposes of this description, that overlap
occurred during the preceding machine cycle 96 so that
the P register address was incremented from the NI56
address to the NI57 address, with the NIS6 address being
maintained in P* register. Assuming that the NI57 ad-
dress contained the P register at MPQ time of machine
cycle 97 refers to the variable memory, it is therefore
seen that overlap is possible in machine cycle 97 because
NI57 and the CI56 operand will be acquired from dif-
ferent memories.

Returning now to the detailed description of the inter-
rupt operation, at MP1 time of machine cycle 97 A39-20
sets the V Instruction flip-flop 3914, while A39-56 trans-
fers P register into V register such that the latler now
contains the address for instruction NI137. Additionally,
since the CIS56 operand is acquired from the permanent
memory during machine cycle 97, A39-39 transfers
U*10-23 into the W register, while at MP2 time A39-13
sets the W Operand FF39-10. With regard to the ad-
dress in the permanent memory, Z register is filled at
MP38 time of machine cycle 97 with the CI36 operand,
which is thereupon made available to the arithmetic unit
or other portion of the system for use during execution
of CI56. However, although the V Instruction FF39-14
is set at MP1 time of machine cycle 97, it will be noted
from FIGURE 52 that the setting of Priority 3 FF42-18
above described enables the A gate 39-23 to clear V
Instruction FF39-14 at MP3 time of machine cycle 97.
This is so, since the set condition of FF42-18 causes the
generation of the significant positive signals Data Trans-
fer/Interrupt from (03229 as well as from N42-42. In
addition, the positive Data Transfer/Interrupt signal is
applied to A39-32 via (39-33 to set the Normal Advance
PAC Lockout FF39-31 at MP2 time of machine cycle
97. The setting of FF39-31 thereby prevents the enabling
of X gates 39-36 to 39-39 at MP times 3, 4, 5, and 6,
respectively, so as to prevent change of the NI57 address
in the P register. Therefore, P register continues to main-
tain the address of NIS7 throughout machine cycle 97
and until the commencement of machine cycle 98.

As mentioned above, the CI56 “T” address portion in
W register during machine cycle 97 causes the referencing
of permanent memory at this location by WX Shaper
flip-flop 27-10, SW Shaper FF27-11, and permanent mem-
ory Strobe FF27-12 in order to read into the Z register
the CIS6 operand. V register also contains the address
of NIS7 and the V Reference FF23-10 is set at MP1
time of machine cycle 97 by the signal from A39-56.
Therefore, the read and write flip-flops 43-13 and 23-24,
respectively, are able to reference the variable memory
at this address location in order to place NIS7 into O
register. As will be recalled from previous descriptions,
the instruction residing in O register would normally be
gated to U register at MP10 time of machine cycle 97 if
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the V Instruction FF39-14 were still set. However, the
clearing of FF39-14 at MP3 time prevents generation
of a gating signal O To U0-23 from 139-26.

Instead of NI37 being placed in U register at MP10 time
of machine cycle 97, an Error Interrupt instruction is
forced therein having an Op Code value of 46, a “J”
address portion of 15, and an “S” address portion of
10000 in accordance with the table previously described,
The set condition of Priority 3 FF42-18 at MP10 time of
machine cycle 97 causes output signals to be generated
from A gates 43-14, 43-11, 43-15, 43-13, and 43-16,
which respectively set the U register stages 0, 3, 4, 6, 8, 9,
7 and 11. The setting of these U register stages at
MP10 time of machine cycle 97 thereupon places the
Error Interrupt instruction into the instruction register
whose “S” address portion 10000 indicates the permanent
memory address location of the first instruction to be
performed during the Error Interrupt sub-routine, while
the “J” address portion 15 indicates the R memory loca-
cation in which is to be stored the address of NI57 from
the P register. The latter function is performed so that
at the end of the error interrupt sub-routine, an Uncondi-
tional Jump Instruction will cause the R memory to be
referenced at this location to withdraw the address of
NIS7 therefrom for use in returning the system to the
main program.

At MP12 time of machine cycle 97, A14-29 gates the
“I” address 15 from U6-9 to U*6-9, where it is now
available to address the R memory so that the contents
thereof may be withdrawn and placed into the R register
at MP13 time. Thus, A16-38 sets RJ To R flip-flop 16~
36 at MP13 time which reads the contents of R memory
location 15 into the R register. However, the RJ con-
tens are not used to index the “S” address portion of the
error instruction in U10-23. Instead, the positive signal
Interrupt Instruction from FIGURE 9 is applied to A16-
38 so that the latter is enabled at MP15 time to clear R
register of the contents previously placed therein at MP13.
The positive Interrupt Instruction signal is also applied
via N16-27 to 016-26 to enable A16-23 to gate the con-
tents of P register into R register at MPO time of machine
cycle 98. Therefore, at the commencement of machine
cycle 98, R register contains the address of NI57 which
is thereafter stored back into R memory at location 15
between MP1 and MP3 times due to the setting of R To
OR Gates flip-flop 18-93 by A18-94. This storing of the
contents of P register into R memory is identical to that
previously described in connection with the Unconditional
Jump instruction.

As illustrated; by FIGURE 52, U*10-23 now holds the
memory address 10000 of the first instruction to be per-
formed during the error sub-routine program. Likewise
at MPO time of machine cycle 98, P register still retains
the memory address of NIS7, which is assumed for pur-
poses of this discussion to be in the variable memory.
However, the referencing of the variable memory by P
register is inhibited. The presence of the interrupt Op
Code Code 46 in U0-5 at the beginning of machine cycle
98 causes 09-24 to emit a positive signal Interrupt, SRJ,
UCJ, which, when applied to 039-48 via N39-49 makes
positive the Jump output line and further disables X39-56
via N39-50. The negative output from N39-50 is fur-
ther applied to 039-51 to make positive its output which
in turn disables A39-58 via N39-53, Therefore, no sig-
nal P To V may be generated at MP1 time of machine
cycle 98. Likewise, the absence of a positive signal to
A39-20 prevents this gate from setting the V Instruc-
tion FF39-14. However, due to the positive output from
039-51 and the presence of a W memory address in
U*10-23, A39-59 generates U* To W to transfer the
contents of U*10-23 into the W register. The W register
now holds the “S” address portion of the Error Inter-
rupt instruction and may also be considered, for purposes
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of this discussion, as the address of NI85. Permanent
memory is now referenced during machine cycle 98 and
NI8S5 acquired therefrom into the Z register {from whence
it will be transferred to U register during MP10 time of
this ¢ycle.

It is also necessary to change the contents of P and
P* registers in order that they may sequentially withdraw
the instructions comprising the error sub-routine. This
operation commences at MP2 time of machine cycle 98
when A5-31, which is responsive to the presence of an
output from 039-48, clears P register of the NIS7 ad-
dress. AS5-25 thereupon gates U*10-23 to P register at
MP3 time so that the latter now contains the address of
NI85. Because the normal advance PAC FF39-31 is
unconditionally cleared at the beginning of machine cycle
98, A gates 39-36 through 39-39 may now increment the
address contained in P register during MP times 3-6 in
the normal manner. Thus, A39-36 clears P* at MP3
while A39-37 transfers P to P* at MP4 time. P* reg-
ister now contains the address of NI85. At MP5, A39-
38 clears P register of the NI85 address and A39-39
transfers the contents P* to P register via the address
counter which increments P* contents by 1. P register
now contains the address (10001) of NI86, which is the
second instruction to be performed during the error inter-
rupt routine. Therefore, during machine cycle 99, an at-
tempt will be made by P register to reference the perma-
nent memory for NI86 unless overlap is inhibited during
this cycle.

At MP9 time of machine cycle 98, A41-24 clears U~
23 so that NI8S from Z register may be placed therein
at MP10 time by A39-25. If this is an instruction whose
“S™ address portion requires indexing, such operation will
commence at MP12 time when U6-9 is transferred to
U*6-9 by A14-29. Execution of NI85 is accomplished
during machine cycle 99.

Although their operation is not specifically shown or
described in connection with FIGURE 52, it is to be un-
derstood that the granting of the Error Interrupt initiates
operation of the lockout enable flip-flops 1 through 4 as
previously described. Thus, at MP3 time of machine
cycle 97, A42-43 sets FF42-44 so that a request for any
other interrupt operation cannot be granted for six ma-
chine cycles thereafter. During this time, the error inter-
rupt sub-routine is initiated. However, the operation of
lockout flip-flops 1 through 4 in FIGURE 42 does not pre-
vent input-output data transfers from being made, since
such can be interspersed between sub-routine instructions
as well as between main program instructions.

4.7. Repeated instruction

FIGURE 53 shows the operation of the programming
system for execution of a Repeat instruction 40 and the
execution of the repeated instruction which is that fol-
lowing the Repeat instruction. In general, a Repeat in-
struction 40 causes the instruction following it to be
executed a number of times specified by the contents of
address location 7 in the R memory. Therefore, the in-
struction immediately following a Repeat instruction 40
in the programming sequence is referred to as the repeated
instruction. If the repeated instruction requires indexing
each time that it is executed, such that its “T” address
portion is changed, then the increment of indexing is the
“S” address portion of the repeated instruction while the
number held in the R memory location specified by the
“J” address portion of the repeated instruction contains
the base reference address minus the increment. Fur-
thermore, during execution of the repeated instruction,
the address of the instruction following the repeated in-
struction is calculated and held in P* register, while the
memory address from which the Repeat instruction 40
itself was acquired is recalculated and stored in P register.
This latter function is performed so that, if an interrupt
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sub-routine is granted during the repeat operation, the
address of the Repeat instruction 40 can be placed in R
memory for use at tcrmination of the Interrupt sub-rou-
tine in completing the required number of executions of
the repeated instruction.

For purposes of this discussion, the first machine cycle
73 considered in FIGURE 53 is that during which the
Repeat 40 instruction is acquired from memory as Ni4L.
Assuming that overlap was performed during machine
cycle 73, CI40 is currently being executed so that U*9-5
contains the CI40 Op Code, while U*10-23 holds the
“T” address portion of CI40. It is also assumed that the
CI40 operand is found in the variable memory whereas
NI41 is acquired from permanent memory. In this case,
P register has been incremented during machine cycle 73
so that by MP6 time it contains the address of NI42, the
repeated instruction.

At MP9 time of machine cycle 73, A41-24 clears Ud-
23 so that A39-25 may gate the contents of Z into U0-23
at MP10 time. U0-5 now contains the operation code of
NI41 which is assumed to be octal 40, that of the Repeat
instruction. Since Repeat instruction 40 is not indexable,
the “J” address portion of N41 may or may not contain
a number other than 0. Furthermore, the “S” address
portion of NI41 may or may not contain a number other
than 0 inasmuch as it is not utilized during execution of
the Repeat 40 instruction during machine cycle 74. At
MP12, R register is cleared unconditionally. However,

the presence of a Repeat 40 operation code in U0-5 causes |,

the generation of a positive signal No First R Memory
Reference from 09-30 to inhibit operation of A14-29 at
MP12 time. Thus, there is no transfer of the contents of
U6-9 to U*6-9 such as normally occurs. Instead, A14-39
insures that U*6-9 is cleared at MP12 time of machine
cycle 73. Furthermore, Op Code 40 in U0-5 inhibits
operatiocn of A16-38 such that RJ To R flip-flop 16--36
remains cleared at MPI3 time of machine cycle 73.
There is therefore no reference of the R memory during
the latter portion of machine cycle 73.

At MP13 time, A10-62 is responsive to the Repeat in-
struction in U register to set all of the U register stages
19-23. In the binary complement arithmetic used in the
present computing system, this is equivalent to setting the
value —1 into these U register stages. Thus, it makes no
difference what the value is of the “S™ address portion of
NI41, inasmuch as all of the U10-23 stages will be set at
MP13 time. In addition, A16-29 is responsive to the
Repeat 40 code in U register to gate the contents of P

register to R register, such that the latter now holds the |,

address of NI42. At MPOQ of machine cycle 74, A13-95
causes the U10-23 contents to be added to R register and
the sum placed into U*10-23. This effectively results in 1
being subtracted from the address of NI42 so that the num-
ber placed into U*10-23 is the address of NI41, the Re-
peat instruction itself. This is so because NI41 and NI42
are held in sequential address locations.

Although U*10-23 and P register now contain ad-
dresses referring to the permanent memory, a Repeat 40
Op Code in U0-5 is not considered to require an operand
from memory, so that P register will not be inhibited from
referencing permanent memory for NI42, Therefore, at
MP1 time of machine cycle 74, A49-57 gates the contents
of P register to W register for referencing of the perma-
nent memory. There is, however, no gating of U*10-23
to the W register at this time.

NI42 is subsequently read from the permanent mem-
ory and placed into Z register, from whence it is trans-
ferred at MP10 time of machine cycle 74 to the U regis-
ter. 'This transfer is possible because the W Instruction
EE39-13 is set at MP1 time by A39-18, so that A39-25
is enabled at MP10 time.

A39-32 is responsive to the presence of a Repeat Op
code 40 in U register to set the Normal Advance PAC
FF39-31 at MP2 of machine cycle 74. In addition, A7-
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113 is likewise enabled at this time to set the PAC ADD
FF7-112, which increments by 2 any address transferred
from P* to P register via the address counter. A7-13
also sets the Extend Repeat FF7-116. The setting of
Normal Advance PAC FF39-31 disables the sequential
outputs from A gates 39-36 through 39-39 such that the
P address will not be changed in the normal fashion. In-
stead, A5-32 is responsive to the Repeat 40 Op Code in
U0-5 to clear P register at MP3 time. At MP4 of ma-
chine cycle 74, A7-104 thereupon gates the contents of
P* register through the address counter to P, whereupon
the NI41 address of P* register is incremented by 2 so
that P register now holds the address of N143. At MP6
time, A6-28 clears P* register because of the Repeat 40
Op Code, and A6-25 transfers P register to P* register at
MP7 time. P* register now holds the ddress of NI43,
which is the instruction to be executed following the re-
peated execution of NI42. At MP8 of machine cycle 74,
A5-30 clears P register of NI43 address. The enabling
of A5-26 at MP9 time transfers the contents of U*10-23
into P register. P register now contains the address of
NI41, which is the Repeat 40 instruction previously ac-
quired during machine cycle 73. If an interrupt is granted
during the repeated execution of NI42, P register is gated
into R memory so that upon termination of the interrupt
sub-routine, the NI41 address may be acquired therefrom
and vsed to acquire NI41 again so that the required num-
ber of repeated executions of NI42 may be accomplished.

At MP3 time of machine cycle 74, A41-11 responds to
the Repeat 40 Op Code in U register to set the Repeat
mode FF41-10 which remains set during the repeated
execution of NI42. R register is unconditionally cleared
of the NT42 address at MP4 time, while A14-33 is respon-
sive to Repeat mode FF41-10 to force a decimal 7 into
U*6-9 by setting U* register stages 7, 8, and 9. Address
Jocation 7 of R memory contains a number specifying the
number of times that NI42 is to be repeated. This num-
ber in R memory is expressed in complementary fashion
such that the addition of 1 thereto during each execution
of NI42 results in it being eventually diminished to a value
of —1. This computation is performed by withdrawing
the contents of R memory location 7 during MP5 time and
transferring same to R register. At MP7, A41-14 sets
the R Memory ADD FF17-52 so that upon writing the
contents of R register back into R memory at MP9 time,
1 will be added thereto. Thus, for each execution of the
repeated instruction NI42, the content of R memory loca-
tion 7 is withdrawn, incremented by 1, and replaced in R
memory location 7, until eventually this content equals
—1. This signifies that NI42 will have been executed
the required number of times by the end of the next fol-
lowing machine cycle so that NI43 can thereafter be ac-
quired and executed.

It is assumed for this discussion that the first reference
made of R memory location 7 during machine cycle 74
finds that its contents initially do not equal —1. This is
indicated in FIGURE 53 by showing that the number held
in R register commencing MP5 time of machine cycle 74
does not equal —1. The content of R register is trans-
ferred back to R memory location 7 by setting of R To OR
gates FF18-93 by A18-95 between MP9 and MP12 times
of machine cycle 74. Also at MP9 time, A41-24 clears
U register and A39-25 gates the contents of Z into U0-23
at MP10 time, whereupon the latter now holds NI42.
NI42, which is the repeated instruction, will be executed
once as CI42 during machine cycle 75. If this instruc-
tion is indexable, then U6-9 is gated to U*6-9 at MP12
time by A14-29. At MP13 time of machine cycle 74,
the setting of RJ To R FF16-36 references R memory
at the location specified by the “J” address portion of
CI42 now residing in U*6-9. The number from R
memory is transferred to R register where it is added to
the contents of U10-23 at MPO time of the next follow-
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ing machine cycle 75. However, as before mentioned,
the “S” address portion of NI42 residing in U10-23 is a
constant increment value which is added to the RJ num-
ber each time that N142 is executed. It is therefore seen
that the RJ number changes for each NI42 execution by
an increment equal to the “S” address portion of NI42.
For example, if the initial value of the RJ location is
04320 (a variable memory address) and the “S” address
portion of NI42 is 00001, then the operand required for
the successive executions of NI142 will be withdrawn from
variable memory address locations beginning at 04321,
followed by 04322, 04323, etc. Thus, referring again to
FIGURE 53, A13-95 adds R to U10-23 and places the
result in U*10-23, with the latter now holding the “T”
address portion of CI42 to be used as reference memory
for the operand required for the first execution of NI42.
However, instead of R register being read back into R
memory location RJ during machine cycle 75, A18-105
sets U*10-23 To Or Gates FF18-104 at MP1 time to

gate the contents of U*10-23 into R memory at the lo- &

cation specified by the “J” address held in U*6-9. There-
fore, the original content of RJ, as modified by the addi-
tion of the increment S, is placed back into R memory. If
a second execution of NI42 is required, the modified con-

tent of RJ will again be withdrawn and incremented by the ¢

“S” address portion, with this new value being replaced
in R memory for use in further executions of NI42.

At MP12 time of machine cycle 74, A41-13 sets the
Next Instruction Lockout FF41-12 because of the Repeat
40 Op Code contained in U*0-5. The setting of FF41-
12 prevents clearing of U register at MP9 time by A41-24.
Therefore, the repeated instruction NI42 remains in U0-23
stages as long as is required for the repeated executions,
unless there is an interrupt or a data transfer request made

while the repeated executions are beinz performed. At °

MP1 time of machine cycle 74, the “T” address portion
of CI42 references the variable memory for the first op-
erand required in the first execution of CI42, but P is
prevented from referencing the permanent memory for
the NI41 address currently held by it. The first operand
is thereby acquired from the variable memory and gated
into O register for use by the system in the execution of
Cl42.

During MP4 of machine cycle 75, R register is again
unconditionally cleared and a decimal 7 forced into U*6—~
9 by A14-33. R memory address location 7 is thereby
referenced and its number extracted and placed into R
register to determine if its value is equal to —1. If so,
then NI42 will be executed just one more time during ma-
chine cycle 76 before the repeat operation is terminated.
However, it is assumed in the present discussion that
NI42 must be executed three times. Therefore, the con-
tent of R memory location 7 during machine cycle 75 does
not equal —1, as indicated in FIGURE 53. At MP7
time of machine cycle 75, A41-14 again sets R Memory
Add FF17-52 so that the content of R register is incre-
mented by 1 upon transfer back to the R memory at MP9
through MP11 time of the cycle.

At MP12 time of machine cycle 75, the contents of U6—
9 are double gated to U*6-9 such that the latter now con-
tains again the “J” address portion of CI42. R register is
unconditionally cleared at MP12, and the R memory
referenced to withdraw the “T” address portion of CIl42,
At MPO time of machine cycle 76, the “S” address portion
of Ul10-23 again increments the value contained in R
register with the result being placed in U¥10-23 as the
“T” address portion of CI42. U#*10-23 now contains,
by MPO time of machine cycle 76, a value differing from
the value it held in machine cycle 75 by an increment
equal to the “S” address portion of NI42, Thus, during
machine cycle 76, the variable memory will be referenced
at the address held in U*10-23 to acquire the operand
necessary for the second execution of CI42. Since the
Next Instruction Lockout FF41-12 continues to remain
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set during machine cycle 76, P register is again prevented
from referencing the permanent memory. In addition,
the continued setting of Repeat Mode FF41-10 sets Nor-
mal Advance PAC FF39-31 at MP2 to prevent any change
in the contents of P* and P registers. U*10-23 is there-
upon transferred to V register at MP1 time of machine
cycle 76, and at the same time is transferred to R memory
location RY by the setting of FF18-104.

Under the assumption that CI42 is to be executed
three times in succession, the addition of 1 to the content
of R register during machine cycle 75 results in a value
of —1 being written back into R memory location 7 by
MP11 time of this cycle. Therefore, when R memory
location 7 is referenced during machine cycle 76, the
number placed into R register is equal to —1. However,
CI42 is executed for only the second time during ma-
chine cycle 76. Therefore, CI42 must be executed once
more during the next following machine cycle 77, after
which the repeat operation is terminated. The detection
of a —1 value in R register during machine cycle 76 thus
initiates functions which provide termination during the
next machine cycle 77. A41-17 is responsive to the R
register value —1 to set Terminate FF41-16 at MPS§
time of machine cycle 76. Thereafter, A41-18 transfers
P* to P at MP13 time, so that the latter register now holds
the address of NI43 which is the instruction sequentially
following the repeated instruction N142. At the same
MP13 time, A41-20 clears the Next Instruction Lock-
out flip-flop 41-12 so that P register can reference memory
during machine cycle 77 is overlap is possible at that time.
During the latter part of machine cycle 76, NI42 is in-
dexed, as was done in machine cycles 74 and 75, in prep-
aration for the third and final execution of CI42 during
machine cycle 77.

At the commencement of machine cycle 77, U*¥10-23
contains the modified “T” address portion of CI42 which
is here assumed to reference the variable memory. P reg-
ister, on the contrary, now contains the address of NI43
which is here assumed to reference the permanent mem-
ory. In addition, the Next Instruction Lockout FF41-12
is cleared by this time so that a P=W signal is generated
from the address range translator in FIGURE 5. Since
both U* register and P register are referencing different
memories during machine cycle 77, overlap is possible to
acquire NI43 for transfer into U register by MP10 time
of machine cycle 77. Also, A41-22 is responsive to the
setting of Terminate FF41-16 to clear Repeat Mode
FF41-10 at MPO time of machine cycle 77. FF41-16 in
turn is cleared by MP3 time of this cycle. The clearing
of Repeat Mode flip-flop 41-10 thereupon prevents U*6—9
from referencing R memory location 7 as was done dur-
ing machine cycles 74, 75, and 76. Consequently, the
programming unit of the invention operates in normal
fashion during machine cycle 77 when final execution of
the repeated instruction is performed, in that the next
instruction is acquired if two different memories are ref-
erenced. At MP9 time of machine cycle 77, A41-24 is
again enabled to clear U register of NI42 in preparation
for the gating of NI43 from Z register to the U register
at MP10 time. In addition, the clearing of the Repeat
Mode FF41-10 prevents the setting of the Normal Ad-
vance PAC FF39-31 during machine cycle 77, so that
P register has its address incremented to that of NI44.

FIGURE 54 is a timing diagram showing a modifica-
tion of the repeat operation if the repeated instruction
is one of the skips 10, 11, 12, or 13. As will be recalled
from the description of the Skip instruction, a skip of
the next instruction following the Skip instruction is made
if the skip condition is met. When a Skip instruction
10, 11, 12, or 13 follows a Repeat instruction 40, then the
skip instruction is executed repeatedly and normally uses
a different operand for each execution because of in-
dexing. The repeat mode is terminated when the skip
condition is sensed or the number contained in R memory
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location 7 equals —1 whichever occurs first. In the event
that a skip condition is met during one of the execution
cycles, the repeat operation is terminated and the pro-
gram skips the next following instruction. On the other
hand, if the repeated Skip instruction is executed the full
number of times without the skip condition being found,
the repeat operation is terminated in the normal fashion
and the instruction following the skip instruction is ac-
quired and executed.

In FIGURE 54, the leftmost timing diagram, let it
be assumed that NI42 is an Equal Skip instruction 10
which has been acquired in the preceding machine cycle
74 in the manner shown in FIGURE 53. As described
above in connection with machine cycle 75 of FIGURE
53, NI42 is executed for the first time during this cycle
wherein it is also determined that the content of R mem-
ory location 7 is not equal to —1. However, in FIGURE
54 now assume that during the first execution of NI42
in machine cycle 75, the skip condition of equality is
found. That is, the CI42 operand placed in the O register
during machine cycle 75 is equal to the content of the
accumulator. The sensing of the skip condition is per-
formed at MP14 time when A40-31 sets Skip FF40-35.
Since both the Repeat Mode FF41-10 and the Normal
Advance PAC FF39-31 are set in machine cycle 75,
240-37 is enabled to clear P register of the NI41 address
at MP14 time. Thereafter, A40-38 transfers the contents
of P* via the address counter to the P register in a man-
ner similar to that described before in connection with
the skip timing diagrams. However, there is one difference
in that PAC ADD FF7-112 is in its clear condition at
MP15 time of machine cycle 75. This is so, inasmuch
as the set condition of the Extend Repeat FF41-10 pre-

vents PAC ADD FF7-112 from being set at MP9 time |,
even though a Skip Op Code 10 is in U0-5. Therefore, °

the NI43 address in P* register is only incremented by 1
so that P register now contains the address of NI44.
Therefore, it will be seen that NI43 is neither acquired
nor executed following termination of the repeat operation.

In addition to the above functions, the detection of
the skip condition also causes A40-21 to clear U0-9 so
that there can be no operand reference of the CI42 “T”
address portion during machine cycle 76. Thus, P reg-
ister will always be able to reference memory for NI44.
In addition, A40-39 clears Next Instruction FF41-12
to enable the generation of the signal P To W, as well as
to insure that U register will be cleared at MP9 time of
machine cycle 76. At MPO time of machine cycle 76,
A41-22 clears the Repeat Mode FF41-10 which thereby
prevents Normal Advance PAC FF39-31 from being set
at MP2 time of machine cycle 76. The address of NI44
in P register may consequently be incremented by 1 dur-
ing machine cycle 76 to prepare it for the acquisition of
NI45 during machine cycle 77. Furthermore, during
MP1 through MP3 times of machine cycle 76, the R To
OR Gates FF18-03 is set to return the content of R
register back to R memory, instead of returning the con-
tents of U*10-23 thereto as is normally done during the
repeat operation, Therefore, the first timing diagram of
FIGURE 54 illustrates the operation when a skip condi-
tion is detected during a machine cycle in which the
content of R memory location 7 does not equal —1.

The center timing diagram of FIGURE 34 illustrates
the function performed by the programming system when
a skip condition is detected in a machine cycle during
which the R memory location 7 number is equal to —1.
As will be recalled in connection with FIGURE 53, the
sensing of a —1 in R memory location 7 indicates that
only one more execution of NI42 need be accomplished.
However, the detection of a skip condition in machine
cycle 76 indicates that this fina] execution during machine
cycle 77 need not be performed. As noted in FIGURE
53 and again in FIGURE 54, the sensing of a —1 in R
register during machine cycle 76 causes A41-18 to trans-
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fer the contents of P* register to P at MP13 time, such
that the latter now contains the address of Ni43. How-
ever, the subsequent sensing at MP14 time of the skip
condition clears P register of NI43 so that A40-38 at
MP15 time transfers P* via the address counter to P
register. Since PAC ADD FF7-112 is cleared at this
time, 1 is added to the NI43 address of P* such that P
register now holds NI44 address. Therefore, it is seen
that the operation of the system in machine cycle 76
in the center diagram of FIGURE 54 is quite similar to
the operation of the system in machine cycle 76 of the left-
most timing diagram. During machine cycle 77, there-
fore, P register references the permanent memory for
NI44 which will thereafter be executed during machine
cycle 78.

The third situation in which a skip condition may be
sensed is 1hat occurring during the final execution of
NI42, as determined by the fact that R register con-
tent=—1 during the preceding machine cycle. For ex-
ample, in FIGURE 34, in the right most timing diagram,
assume that R register equals —1 during the preceding
machine cycle 76, as is more clearly shown in FIGURE
53. 1In this case, during machine cycle 77 the CI42 “T”
address portion now residing in U*10-23 references the
memory to extract the operand required for the final
execution of the repeated Skip instruction. It will also be
seen from FIGURE 53 that during machine cycle 76 P
register has placed therein the address of NI43 so that it
is prepared to reference a memory for this instruction
during machine cycle 77 unless overlap is inhibited. As-
sume now that the CI42 “T” address portion in machine
cycle 77 references permanent memory as does P reg-
isler, so that NI43 cannot be acquired during the final
execntion of the Skip instruction. In this event, the Nor-
mal Advance PAC FF39-31 is set at MP2 time by A39-
30 so that P register cannot be incremented by 1 during
machine cycle 77. Thus, both P and P* registers hold
the NI43 address at this time. Also during this cycle,
the C142 operand is withdrawn from permanent memory
and sent to the arithmetic unit to determine the equality
or non-equality between it and the accumulator contents,
Now assume that equality is detected during this final
execution, which is indicated at MP14 time of machine
cyvele 77 by the enabling of A40-31 to set Skip FF40-35.
Since the Normal Advance PAC FF39-31 is also set at
this time, A40-37 clears P register of its NI43 address
so that P* can be subsequently gated through the address
counter to place the NI44 address in P register by MP15
time of machine cycle 77. PAC ADD Flip-Flop 7-112
is in its clear condition at this time because Extended
Repeat FF41-10 remains set during machine cycle 77 and
is not cleared until MP13 time. This is almost one ma-
chine cycie later than the clearing of Repeat Mode FF41-
10. Therefore, the purpose of providing the Extend Re-
peat FF41-10 is seen inasmuch as it is necessary to pre-
vent the incrementing of the P* register content by a
count of 2 when P* register itself holds the address of
the instruction to be skipped.

FIGURE 55 is a timing diagram showing the opera-
tion of the invention in the event that an Interrupt or a
Data Input-Output request is made during the execution
of a repeated instruction. In this event, the execution
of the repeated instruction is interrupted and the Inter-
rupt sub-routine or the data transfer performed, after
which the repeated insfruction is again executed until
normal termination occurs. Referring now to both FIG-
URE 53 and FIGURE 55, assume that a request Error
Interrupt has been made of the system during machine
eyele 74 so that flip-flop 42-12 is set by the commence-
ment of machine cycle 75. If no higher priority exists,
then A42-24 is enabled to set Priority 3 FF42-18 at
MP1 time. At MP1, A39-60 also transfers U*10-23 to
the V register so that the variable memory is referenced
for the operand to be used in the first execution of the
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repeated instruction NI42, At MP2 of machine cycle 75,
413932 is responsive to either one of the signals Disable
Advance PAC from FIGURE 41 or Data Transfer/Inter-
rupt from FIGURE 42 to set Normal Advance PAC
Lockout FF39-31. Also at MP2, the presence of the
Data Transfer/Interrupt signal at A41-33 enables same
to set Interrupt Repeat FF41-32 and clear Next Instruc-
tion Lockout FF41-12, The clearing of FF41-12 per-
mits A41-24 to clear U register at MP9 time of machine
cycle 75 in preparation for entry of the forced Interrupt
instruction which is generated because of the set condi-
tion of Priority 3 FF42-18.

As during machine cycle 75 in FIGURE 53, X14-33
forces a decimal 7 into U*6-9 so that R memory loca-
tion 7 contents are withdrawn and placed in R register
by MP5 time. It is here assumed that these contents
do not equal —1 so that further executions of CI42 must
be accomplished before the repeat operation is considered

terminated. At MP9 time, A18-95 sets R To OR Gates .

FF18-93 to return the R register contents to R memory.
However, the set condition of Interrupt Repeat FF41-32
prevents enabling of A41-14 so that R Memory ADD FF
remains clear during machine cycle 75 of FIGURE 55.
Therefore, the R register is not incremented by 1 as is
normally the case in the repeat operation. At MP9, A42—
32 clears U register. At MP10 time the Interrupt Op
Code 46 is forced into U0-5 and decimal address 15 and
“S” address 10000 are respectively forced into U6-9 and
U10-23 by the circuitry of FIGURE 43 in the manner
previously described in connection with the interrupt op-
eration. At MP13, R memory is referenced according
to the “J” address 15 held now by U*6-9. At MPI15
time of machine cycle 75, A16-35 clears R register. At
MPO time of the next following machine cycle 51625
transfers the content of P register into R register so that
the latter now contains the address of NI41 which in turn
is the Repeat instruction 40 previously acquired from
memory during machine cycle 73 of FIGURE 53. There-
after, the setting of FF18-93 transfers the NI141 address
from R register back into T memory location 15 in which
it will be held until termination of the interrupt sub-rou-
tine. Upon termination of the interrupt sub-routine, the
last instruction thereof will cause a reference of R mem-
ory at location 15 to withdraw the NI41 address for use
in referencing permanent memory to again acquire the
Repeat instruction 40 therefrom. The system will there-
after execute NI41 as done in machine cycle of FIGURE
53 so as to again enable the next following instruction
NI42 to be repeated a number of times specified by the
number held in R memory location 7. Thus, the grant
of an interrupt during execution of a repeated instruc-
tion merely discontinues the repeat operation until after
the interrupt sub-routine has been performed.

Returning now to machine cycle 76 of FIGURE 3, the
error “S” address portion now residing in U*10-23 is
used at MP1 time to reference the permanent memeory for
the first instruction of the interrupt sub-routine identified
as NI85 in the timing diagram. Thereafter, P register is
cleared by A5-31 at MP2 time so that U*10-23 is trans-
ferred thereto by X5-25 at MP3 time. P register now
contains the address of NI85 which will subsequently be
incremented by 1 during machine cycle 76 in the usual
fashion due to the cleared condition of Normal Advance
PAC FF39-31, Therefore, A gates 39-36 through 39—39
are enabled successively so that the address residing in P
register by MP6 time of machine cycle 76 is that of
NI86, the second instruction of the interrupt sub-routine
program.

As shown in FIGURE 41, the setting of Interrupt Re-
peat FF41-32 during a machine cycle prevents A41-17
from setting the Terminate Repeat FF41-16 even if the
contents of R memory location 7 are equal to —1 at this
time, As will be recalled from the discussion of FIGURE
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53, a R register content of —1 indicates that one more
execution of the repeated instruction must be performed
in the next following machine cycle. However, when an
interrupt request is granted during the machine cycle in
which R register equals —1, the repeat operation must be
discontinued at once. Therefore, the setting of Terminate
Repeat RR41-16 must be prevented during the cycle in
which the next to last execution of the repeated instruc-
tion occurs, otherwise the signal P* To P from 041-19
would replace the address of the Repeat instruction 40 in
P register with the address in P* register prior to the time
that P is transferred into R memory.

4.8. Illegal values

If during any of the above described operations illus-
trated by FIGURES 45 through 55, an illegal address in
P register or an illegal operation code in U0-5 is detected
by circuitry previously described, then the overlap opera-
tion is modified as follows. In the former situation, the
signal from A5-50 (in absence of a required instruction
jump) sets Normal Advance PAC Lockout FF39-31 to
prevent a change in the P register contents. The illegal
address resides in P register thereafter until the error diag-
nostic circuits inform the operator of this fact, after which
P register may be manually cleared by means not shown
in FIGURE 5. However, in the event that an illegal op-
eration code is detected in U0-5, A8-81 is enabled at
MPI12 time of the cycle in which the instruction is ac-
quired to transfer the memory address of the illegal in-
struction from P* register to P register so that this mem-
ory location may again be referenced during the next fol-
lowing machine cycle. If, after acquiring this instruction
for the second time, there is no error indicated because
of an illegal operation code, the system resumes its normal
operation. However, if an illegal operation code is still
sensed for this instruction, such will again be indicated
to the error checking circuitry of the system for it to take
appropriate action not forming a part of the present in-
vention,

If U*10-23 contains certain memory addresses, then
the overlap procedure during the above described opera-
tions is also modified as follows. A U#* address in the
range of from 34000 through 37717 is considered illegal
as regards the referencing of a permanent memory for an
operand data word. Consequently, a significant negative
output from A39-65 inhibits A35-15 from setting W
Operand FF39-10. It is also impossible to acquire in-
structions from the memory addresses from 34000 through
37777, since the twistor input switch is not used to store
instructions. During the execution of a jump instruction,
the U*10-23 stages contain a memory address from
whence is to be acquired the next instruction. Therefore,
an output from 039-74 disables 39-19 from setting W
Instruﬂion FF39-13 at this time. In addition, an output
from A39-82 signifies that U*10-23 contains an instruc-
tion address for either the permanent or variable mem-
ories which is illegal. This output is transferred via 039—
;53 to set FF39-31 which prevents the incrementing of this
illegal instruction address after it has been transferred
from U*10-23 to the P register. Therefore, since the
illegal address thereafter is maintained in P register, the
Illegal P Address Error circuits operate in FIGURE 5 as
above described to set FF39-31 in each machine cycle
until the P register is cleared manually.

Although a preferred embodiment of the invention has
been_ shown and described, it is apparent that many modi-
ﬁqatlons may be made thereto by one skilled in the art
without departing from the spirit of the invention as de-
fined in the appended claims.

We claim:

1. In a stored program data processing system operat-
ing in successive machine cycles and utilizing words of
data and words of instruction, the latter having a format
including a word memory address portion and an opera-
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tion code portion which may require a memory reference
during execution, the combination comprising: a plurality
of independent memories each having access circuits indi-
vidual thereto and each storing both intsruction and data
words at address locations therein, first means for gen-
erating the memory address of an instruction word, sec-
ond means for holding an instruction word for command
translation, third means using said generated address from
said first means during a machine cycle to normally refer-
ence one of said memories in order to acquire an instruc-
tion word therefrom and transfer it to said second means,
fourth means respomsive to a memory reference code of
an instruction word held in said second means for using
its associated word memory address portion during the
machine cycle immediately following that in which said
last named instruction was acquired to reference one of
said memories, fifth means inhibiting said third means
from referencing a memory during a machine cycle when
said fourth means references the same memory during
the same machine cycle, and sixth means responsive to the
operation of said third means for causing said first means
to generate the memory address of the next instruction
word in the program.

2. The combination according to claim 1 wherein said
plurality of independent memories comprises two inde-
pendent memories.

3. The combination according to claim 1 where said
first means normally generates sequential memory ad-
dresses.

4. The combination according to claim 3 wherein said
plurality of independent memories comprises two inde-
pendent memories.

5. The combination according to claim 1 which further
includes means responsive to a certain operation code
value held by said second means for clearing same there-
from during the machine cycle in which it is acquired
and for forcing said first means to again generate the
memory address of the instruction word of which said
operation code value forms a portion.

6. The combination according to claim 5 wherein said
plurality of independent memories comprises two inde-
pendent memories.

7. The combination according to claim 1 wherein said
first means includes a first register for holding an instruc-
tion word memory address, a second register for holding
an instruction word memory address, first means for trans-
ferring the address in said first register to said second
register, and means to change the address in said first
register.

8. The combination according to claim 7 wherein said
plurality of independent memories comprises two inde-
pendent memories.

9. The combination according to claim 7 wherein said
address changing means includes a modifying unit and
second gating means for transferring the address in said
second register through said modifying unit to said first
register.

10. The combination according to claim 9 where said
modifying unit is normally enabled to add 1 to the address
from said second register.

11. The combination according to claim 9 wherein
said third means uses only the address in said first register.

12. The combination according to claim 7 wherein said
third means uses only the address in said first register,
and which further includes second gating means for trans-
ferring the address in said second register to said first
register.

13. The combination according to claim 12 wherein
said plurality independent memories comprises two inde-
pendent memories.

14. The combination according to claim 12 wherein
said address changing means includes a modifying unit
and third gating means for transferring the address in said
second register through said modifying unit to said first
register.
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15. The combination according to claim 14 wherein
said modifying unit is enabled to add 1 to the address
from said second register.

16. The combination according to claim 1 wherein said
first means includes a first register for holding the in-
struction word memory address used by said third means,
a second register for holding an instruction word address,
first gating means for transferring the address fom said
first register to said second register, a modifying unit for
adding a value of N to an address, and second gating
means for transferring the address from said second
register through said modifying unit to said register, with
said sixth means causing said first and second gating
means to operate in the sequence.

17. The combination according to claim 16 wherein
said plurality of independent memories comprises two in-
dependent memories.

18. The combination according to claim 16 where said
modifying unit is enabled to add 1 to the address from
said second register.

19. The combination according to claim 1 wherein said
second means includes a first register for holding an in-
struction word and a second register for holding an in-
struction word.

20. The combination according to claim 19 wherein
there are operation code command translator circuits in-
dividual to each of said first and second registers,

21. The combination according to claim 1 wherein said
second means includes a first register for holding an in-
struction word transferred to it during a machine cycle
by said third means, a second register for holding an in-
struction word whose associated word memory address
portion is used by said fourth means, and first gating
means for transferring a word in said first register to said
second register.

22. The combination according to claim 21 wherein
said plurality of independent memaries comprises two
independent memories.

23. The combination according to claim 21 wherein
there are operation code command translator circuils in-
dividual to each of said first and second registers.

24. The combination according to claim 21 wherein
said first means includes a third register for holding the
instruction word memory address used by said third
means, a fourth register for holding an instruction word
memory address, second gating for transferring the ad-
dress from said third register to said fourth register, a
modifying unit of adding a value of N to an address, and
third gating means for transferring the address from said
fourth register through said modifying unit to said third
register, with said sixth means causing said second and
third gating means to operate in this sequence.

25. The combination according to claim 24 wherein
said plurality of independent memories comprises two
independent memories.

26. The combination according to claim 24 where
said modifying unit is enabled to add 1 to the address
from said fourth register address.

27. In a stored program data processing system operat-
ing in successive machine cycles and utilizing words of
data and words of both arithmetic and non-arithmetic
instructions, the instruction words having a format includ-
ing a word memory address portion and an operation code
portion which may require a memory reference during
execution, where said system includes an arithmetic unit
in which some arithmetic instructions require only one
machine cycle for execution while other arithmetic in-
structions require an extended sequence of more than one
machine cycle for execution, the combination comprising:
a plurality of independent memories each having access
circuits individual thereto and each storing both instruc-
tion and data words at address locations therein, first
means for generating a memory address of an instruction
word, second means for holding an instruction word for
command translation, third means using said generated
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address from said first means during a machine cycle to
normally reference one of said memories in order to
acquire an instruction word therefrom and transfer it to
said second means, fourth means responsive to a memory
reference code of an instruction word held in said second
means for using its associated word memory address por-
tion during the machine cycle immediately following that
in which said last named instruction is acquired to refer-
ence one of said memories, fifth means inhibiting said

third means from referencing a memory during a machine :

cycle when said fourth means references the same
memory during the same machine cycle, sixth means
responsive to the operation of said third means for caus-
ing said first means to generate the memory address of the
next instruction in the program, and seventh means for
clearing said second means, during any machine cycle of
an extended sequence execution except the final machine
cycle thereof, of at least the operation code of any arith-
metic instruction word acquired therein and for forcing
said first means to again generate the memory address
of the arithmetic instruction word of which said cleared
operation code forms a portion,

28. The combination according to claim 27 wherein
said plurality of independent memories comprises two in-
dependent memories.

29. The combination according to claim 27 wherein said
first means includes a first register for holding the instruc-
tion word memory address used by said third means,
a second register for holding an instruction word memory
address, first gating means for transferring the address
from said first register to said second register, a modifying
unit for adding a value of N to an address, and second
gating means for transferring the address from said second
register through said modifying unit to said first register,
with said sixth means causing said first and second gating
means to operate in this sequence.

30. The combination according to claim 29 wherein
said plurality of independent memories comprises two in-
dependent memories.

31. The combination according to claim 29 where said
modifying unit is enabled to add 1 to the address from
said second register.

32. The combination according to claim 29 wherein
said first means further includes third gating means for
transferring the address from said second register_to sgld
first register, with said seventh means causing said third
gating means to operate. )

33. The combination according to claim 32 wherqm
said plurality of independent memories comprises two in-
dependent memories. .

34. The combination according to claim 33 where said
modifying unit is enabled to add 1 to the address from
said second register, .

35. The combination according to claim 27 wherein
said second means includes a first register for holding an
instruction word transferred to it during a machine cygle
by said third means, a second register for holding an in-
struction word whose associated word memory addrgss
portion is used by said fourth means, and first gating
means for transferring a word in said first register to said
second register. )

36. The combination according to claim 35 wherein
said plurality of independent memories comprises two in-
dependent memories. .

37. The combination according to claim 35 wherein
there are operation code command translator circuits in-
dividual to each of said first and second registers.

38. The combination according to claim 35 wherein
said first means includes a third register for holding the
instruction word memory address used by said third
means, a fourth register for holding an instruction word
address, second gating means for transferring the address
from said third register to said fourth register, a modify-
ing unit for adding a value of N to an address, and third
gating means for transferring the address from said fourth
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register through said modifying unit to said second regis-
ter, with said sixth means causing said second and third
gating means to operate in this sequence.

39. The combination according to claim 38 wherein
said first means further includes fourth gating means for
transferring the address from said fourth register to said
third register, with said seventh means causing said fourth
gating means to operate. )

40. The combination according to claim 39 wherein
said plurality independent memories comprises two inde-
pendent memories.

41. In a stored program data processing system op-
erating in successive machine cycles and utilizing words
of data and words of instruction, the latter having a for-
mat including a word memory address portion and an
operation code portion which may require a memory ref-
erence during execution, the combination comprising a
plurality of independent memories each having access cir-
cuits individual thereto and each storing both instruction
and data words at address locations therein, first means
for generating a memory address of an instruction word,
second means for holding an instruction word for com-
mand translation, third means using said generated ad-
dress from said first means during a machine cycle to nor-
mally reference once of said memories in order to acquire
an instruction word therefrom and transfer it to said sec-
ond means, fourth means responsive to a memory ref-
erence code of an instruction word held in said second
means for using its associated word memory address por-
tion during the machine cycle immediately following that
in which said last named instruction is acquired to refer-
ence one of said memories, fifth means inhibiting said
third means from referencing a memory during a machine
cycle when said fourth means references the same mem-
ory during the same machine cycle, sixth means respon-
sive to the operation of said third means for causing said
first means to generate the memory address of the next in-
struction in the program, seventh means responsive to a
memory reference jump operation code of an instruction
word held in said second means during the machine cycle
immediately following that in which it is acquired to in-
hibit operation of said third means, and eighth means re-
sponsive to the operation of said seventh means during
said last named machine cycle for transferring the word
address portion of said jump operation code instruction
to said first means and thereafter causing said sixth means
to operate,

42. The combination according to claim 41 wherein
said plurality of independent memorics comprises two in-
dependent memories.

43. The combination according to claim 41 wherein
said first means includes a first register for holding the
instruction word memory address used by said third
means, a second register for holding an instruction word
address, first gating means for transferring the addresss
from said first register to said second register, a modify-
ing unit for adding a value of N to an addresss, and sec-
ond gating means for transferring the address from said
register through said modifying unit to said first register,
with said sixth means causing said first and second gat-
ing means to operate in this sequence.

44. The combination according to claim 43 wherein
said plurality of independent memories comprises two in-
dependent memories.

45. The combination according to claim 41 wherein
said second means includes a first register for holding an
instruction word transferred to it during a machine cycle
by said third means, a second register for holding an in-
struction word whose associated word memory address
portion is used by said fourth means, and first gating
means for transferring a word in said first register to said
second register.

46. The combination according to claim 45 wherein
said plurality of independent memories comprises two in-
dependent memories.
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47. The combination according to claim 45 wherein
there are operation code command translator circuits in-
dividual to each of said first and second registers.

48. The combination according to claim 45 whercin
said first means includes a third register for holding the
instruction word memory address used by said third
means, a fourth register for holding an instruction word
address, second gating means for transferring the address
from said third register to said fourth register, a modify-
ing unit for adding a value of N to an address, and third
gating means for transferring the address from said
fourth register through said modifying unit to said third
register, with said sixth means causing said second and
third gating means to operate in this sequence.

49. The combination according to claim 48 wherein
said plurality of independent memories comprises two in-
dependent memories.

50. In a stored program data processing system operat-
ing in successive machine cycles and utilizing words of
data and words of instruction, the latter having a format
including a word memory address portion and an opera-
tion code portion which may require a memory reference
during execution, and/or a skip condition test during
execution to determine if the next instruction word in the
program is to be executed, the combination comprising:
a plurality of independent memorties each having access
circuits individual thereto and each storing both instruc-
tion and data words at address locations therein, first
means for generating a memory address of an instruction
word, second means for holding an instruction word for
command translation, third means using said generated
address from said first means during a machine cycle to
normally reference one of said memories in order to ac-
quirz an instruction word therefrom and transfer it to
said second means, fourth means responsive to a memory
reference coede of an instruction word held in said second
means for using its associated word memory address por-
tion during the machine cycle immediately following that
in which said last named instruction is acquired to refer-
ence one of said memorigs, fifth means inhibiting said third
means from referencing a memory during a machine cycle
when said fourth means references the same memory dur-
ing the same machine cycle, sixth means responsive to
the operation of said third means for causing said first
means to generate the memory address of the next instruc-
tion in the program, and seventh means responsive to the
determination of a skip condition during execution in a
machine cycle of a skip instruction word held in said sec-
ond means for preventing execution of the instruction
word acquired during said last named machine cycle and
for insuring that said first means generates the memory
address of the instruction word in the program which fol-
lows the instruction word whose execution is prevented.

5§1. The combination according to claim 50 wherein
said plurality of independent memories comprises (wo
independent memories.

52. The combination according to claim 50 wherein
said seventh means operates to clear said second means
of at least the operation code portion of said instruction
word whase execution is to be presented.

53. The combination according 1o claim 52 wherein said
plurality of independent memories comprises two inde-
peéndent memories.

54. The combination according (o claim 50 wherein said
first means includes a first register for holding the instruc-
tion word memory address used by said third means, a
second register for holding an instruction word memory
address, first gating means for transferring the address
from said first register to said second register, a modifying
unit for adding a value of N to an address, and second
gating means for transferring the address from said second
register through said modifying unit to said first register,
with said sixth means causing said first and second gating
means to operate in this sequence.
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55. The combination according to claim 54 wherein
said plurality of independent memories comprises two in-
dependent memories.

56. The combination according to claim 54 wherein
said modifying unit can be selectively enabled to add a
value of M to an address, with said seventh means being
effective, if said third means is inhibited, to operate said
second gating means and to enable said modifying unit for
adding value M.

57. The combination according to claim 56 wherein said
plurality of independent memories comprises two inde-
pzndent memories.

58. The combination according to claim 56 wherein
value N is equal to 1 and value M is equal to 2.

59, The combination according to claim 58 wherein
said plurality of independent memories comprises two in-
dependent memories.

60. The combination according to claim 50 wherein
said second means includes a first register for holding an
instruction word transferred to it during a machine cycle
by said third means, a second register for holding an in-
struction word whose associated word memory address
portion is used by said fourth means, and first gating
means for transferring a word in said first register to said
second register.

61. The combination according to claim 60 wherein said
plurality of independent memories comprises two inde-
pendent memories.

62. The combination according to claim 60 wherein
said seventh means operates to clear the operation code
portion of said first register.

63. The combination according to claim 62 wherein said
plurality of independent memories comprises two inde-
pendent memories.

64. The combination according to claim 62 wherein said
first means includes a third register for holding the instruc-
ticn word memory address used by said third means, a
fourth register for helding an instruction word address,
second gating means for transferring the address from said
third register to said fourth register, a modifying unit for
adding a value of N to an addres, and third gating means
for transferving the address from said fourth register
through said modifying unit to said third register, with
said sixth means causing said second and third gating
means to operate in this sequence.

65. The combination according to claim 64 wherein said
modifying unit can be selectively enabled to add a value of
M to an address, with said seventh means being effective,
if said third means is inhibited, to operate said third gating
means and to enable said modifying wvnit for adding
value M.

66. Tlhe combination according to claim 65 wherein said
plurality of independent memories comprises two inde-
pendent memories.

67. The combination according to claim 66 where value
N isequal to 1 and value M is equal to 2.

68. In a stored program data processing system operat-
ing in successive machine cycles and utilizing words of
data and words of instruction, the latler have a format
including a word memory address portion and an opera-
tion code portion which may require a memory reference
during execution, or the repeated excution of the next
following program instruction, the combination compris-
ing: a plurality of independent memories each having ac-
cess circuits individual thereto and each storing both in-
struction and data words at address locations therein, sec-
ond means for holding an instruction word for command
translation, third means using said generated address from
said first means during a machine cycle to normally refer-
ence one of said memories in order to acquire an instrug-
tion word therefrom and transfer it to said second means,
fourth means responsive to a memory reference code of
an instruction word held in said second means for using
its associated word memory address portion during the
machine cycle immediately following that in which said
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last named instruction is acquired to reference one of
said memories, fifth means inhibiting said third means
from referencing a memory during a machine cycle when
said fourth means references the same memory during
the same machine cycle, sixth means responsive to the
operation of said third means for causing said first means
to generate the memory address of the next instruction in
the program, and seventh means responsive to a repeat
operation code of an instruction word held in said second
means for inhibiting operation of said third means for a
time beginning with the machine cycle following that in
which the repeated instruction is acquired and ending by
commencement of the machine cycle during which occurs
the final execution of the repeated instruction.

69. The combination according to claim 68 wherein
said plurality of independent memories comprises two
independent memories.

70. The combination according to claim 68 wherein
said first means includes a first register for holding the
instruction word memory address used by said third
means, a second register for holding an instruction word
memory address, first gating means for transferring the
address from said first register to said second register,
a modifying unit for adding a value of N to an address,
and second gating means for transferring the address
from said second register through said modifying unit to
said first register, with said sixth means causing said
first and second gating means to operate in this sequence.

71. The combination according to claim 70 wherein
said plurality of independent memories comprises two
independent memories.

72. The combination according to claim 68 wherein
said second means includes a first register for holding an
instruction word transferred to it during a machine cycle
by said third means, a second register for holding an
instruction word whose associated word memory address
portion is used by said fourth means, and first gating
means for transferring a word in said first register to
said second register.

73. The combination according to claim 72 wherein
said plurality of independent memories comprises two
independent memories.

74. The combination according to claim 72 wherein
said first means includes a third register for holding the
instruction word memory address used by said third
means, a fourth register for holding an instruction word
address, second gating means for transferring the address
from said third register to said fourth register, a modi-
fying unit for adding a value of N to an address, and
third gating means for transferring the address from said
third register through said modifying unit to said third
register, with said sixth means causing said second and
third gating means to operate in this sequence.

75. The combination according to claim 74 wherein
said plurality of independent memories comprises two
independent memories.

76. The combination according to claim 75 where said
modifying unit is enabled to add 1 to the address from
said second register.

77. In a stored program data processing system operat-
ing in successive machine cycles and utilizing words of
data and words of instruction, the latter having a format
including a word memory address portion and an opera-
tion code portion which may require a memory refer-
ence during execution, where means are present for re-
questing an interrupt in the processing of instructions
in a program in order to execute a special sub routine or
to transfer a word between an external unit and the sys-
tem, the combination comprising: a plurality of inde-
pendent memories each having access circuits individual
thereto and each storing both instruction and data words
at address locations therein, first means for generating a
memory address of an instruction word, second means for
holding an instruction word for command {ranslation,
third means using said generated address from said first
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means during a machine cycle to normally reference one
of said memories in order to acquire an instruction word
therefrom and transfer it to said second means, fourth
means responsive to a memory reference code of an in-
struction word held in said second means for using its
associated word memory address portion during the ma-
chine cycle immediately following that in which said
last named instruction is acquired to reference one of
said memories, fifth means inhibiting said third means
from referencing a memeory during a machine cycle when
said fourth means references the same memory during
the same machine cycle, sixth means responsive to the
operation of said third means for causing said first means
to generate the memory address of the next instruction
in the program, and seventh means responsive to an in-
terrupt request for inhibiting operation of said third
means for one machine cycle.

78. The combination according to claim 77 wherein
said plurality of independent memories comprises two
independent memories.

79. The combination according to claim 77 which
further includes eighth means responsive to said inter-
rupt request for placing a special instruction word into
said second means during the machine cycle in which
said third means is inhibited by said seventh means.

89. The combination according to claim 79 wherein
said plurality of independent memories comprises two
independent memories.

81. The combination according to claim 77 wherein
said first means includes a first register for holding the
instruction word memory address used by said third
means, a second register for holding an instruction word
address, first gating means for transferring the address
from said first register to said second register, a modi-
fying unit for adding a value of N to an address, and a
second gating means for transferring the address from
said second register through said modifying unit to said
first register, with said sixth means causing said first and
second gating means to operate in this sequence.

82, The combination according to claim 81 wherein
said plurality of independent memories comprises two
independent memories.

83. The combination according to claim 79 wherein
said first means includes a first register for holding the
instruction word memory address used by said third
means, a second register for holding an instruction word
address, first gating means for transferring the address
from said first register to said second register, a modify-
ing unit for adding a value of N to an address, and sec-
ond gating means for transferring the address from said
second register through said modifying unit to said first
register, with said sixth means causing said first and sec-
ond gating means to operate in this sequence.

84. The combination according to claim 77 wherein
said second means includes a first register for holding
an instruction word transferred to it during a machine
cycle by said third means, a second register for holding
an instruction word whose associated word memory ad-
dress portion is used by said fourth means, and first gating
means for transferring a word in said first register to said
second register.

85. The combination according to claim 84 wherein
said plurality of independent memories comprises two
independent memories.

86. The combination according to claim 84 which
further includes eighth means responsive to said interrupt
request for forcing a special word into said first instruc-
tion register during the machine cycle in which said third
means is inhibited by said seventh means.

87. The combination according to claim 86 wherein
said plurality of independent memories comprises two
independent memories.

88. The combination according to claim 84 wherein
said first means includes a third register for holding the
instruction word memory address used by said third
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means, a fourth register for holding an instruction word
address, second gating means for transferring the address
from said third register to said fourth register, a modify-
ing unit for adding a value of N to an address, and third
gating means for transferring the address from said fourth
register through said modifying unit to said third register,
with said sixth means causing said second and third gating
means to operate in this sequence.

89. The combination according to claim 86 wherein
said first means includes a third register for holding the
instruction word memory address used by said third
means, a fourth register for holding an instruction word
address, second gating means for transferring the address
from said third register to said fourth register, a modify-
ing unit for adding a value of N to an address, and third
gating means for transferring the address from said fourth
register through said modifying unit to said third register,
with said sixth means causing said second and third gating
means to operate in this sequence.

90. The combination according to claim 89 wherein 2

said plurality of independent memories comprises two
independent memories.

91. A control circuit which comprises: first means gen-
erating a first data manifestation which may lie within
either of first or second data value ranges; second means
generating a second data manifestation which may lie
within either of said first or second data value ranges;
third means connected with said first means for generating
a first or second indication when said first data manifesta-
tion lies in said first or second data value ranges, respec-
tively, fourth means connected with said second means
for generating a third or fourth indication when said sec-
ond data manifestation lies in said first or second data
value ranges respectively; first, second, third and fourth
bistable means each having a set and a clear state; fifth
means generating a serial train of timing signals; sixth
means transmitting one of said timing signals from said
fifth means to each of said first, second, third and fourth
bistable means for placing each in a clear state; seventh
and eighth means each connected with said third means
and each enabled by a second of said timing signals oc-
curring later than said one timing signal for respectively
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responding to said first or second indications to respec-
tively place said first or second bistable means in a set
state: ninth means connected with said fourth means and
enabled by another of said timing signals occurring later
than said second timing signal for responding to said third
indication to place said first and third bistable means ina
clear and a set state, respectively; and tenth means con-
nected with said fourth means and enabled by another of
said timing signals occurring later than said second tim-
ing signal for responding to said fourth indication to
place said second and fourth bistable means in a clear
and a set state, respectively.

92 A control circuit according to claim 91 which
further includes a fifth bistable means having a clear and
a set state; eleventh means for placing said fifth bistable
means in a clear state; twelfth means connected with
woth said third means and said ninth means for respond-
ing to said first indication in conjunction with the absence
of said ninth means response to thereby place said fifth
bistable means in a sct state; and thirteenth means con-
nected with both said third means and said tenth means
for responding to said second indication in conjunction
with the absence of said tenth means response to thereby
place said fifth bistable means in a set state.
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